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/4/.V 



[?»*g i ] en** : i <»wmb<pt£ < t * s o %m 

--e*>5EJ! ; 

EJW#: l©EWi^4< tt>8 5%IB--C*SE 

HI; 

E?iJ#*^: l©EWfc^ft< ifc9 0%HJ--c*>SE 
HJ; 

E3W§-: 10Efllfc^ft< 4t>9 7%H--CS>SE 

[1I&S2] .WS^ADNASftficDNATffc 

MMHU] B7!»* : 1 ©EWtrtfi-ailWfflaB 
IIMW 5 ] #-r sAWK* y Tf^WMMKSr* U 
6 ] BWI«# : 1 ©EHI 5 it* 3 ! 5 IB 

[tt#K8 ] E?0** : 1 ^E^Jfc^-rSW**! 7fE 
*(DJWB#y*^u:*-f-K. 

[»**9] -YVFnyi, 2, 3, 4, 5, 6*3* 
ty7d»6fta»J:9a«**t«E«ISr# LTfta^IW 

HMWlOj >f^hnyi, 2, 3, 4, 5, 6*5 

j:tF7a»feft*WJ:5awisn6W0**rbrft5*y 

1 2 ] E^J#^ : 1 ©EWft*+5.l»*« 1 
1 egtolMM* 5 * * y*T Ko 
[»**13l ^y^l, 2, 3, 4, 5, 6, 7 

[11*414] ^y^l, 2, 3, 4, 5, 6, 7 

y * ^ Kfc J; 9 a— K Stua JWB# y Ko 
[§9*415] 1-3, 1-4, 1-5, 1-6, 1 
-7, 1-8, 2-4, 2-5. 2-6, 2-7, 2- 
8, 3-4, 3-5, 3-6, 3-7, 3-8, 4- 
5, 4-6, 4-7, 4-8, 5-7, 5-8*JJ:tJ*6 

*LTft«*IB*y *t Ko 
[11*416] 1-3, 1-4, 1-5, 1-6, 1 



-7, 1-8, 2-4, 2-5, 2-6, 2-7, 2- 
8, 3-4, 3-5, 3-6, 3-7, 3-8, 4- 
5, 4-6, 4-7, 4-8, 5-7, 5-8*3*1*6 

y^f-Ko 

IW*ai 7] ATCC^K#-f§-9 8035CDbhcD 
N A i'>ft < t 8 0 %^-"C&5E^J lATCC^ffi 
#*9 8 0 3 5Ot h cDNAi4>ft< i fc 8 5%[5|— 
"C&aE?!l ; ATCC$f£ff9 8 0 3 5<Dfc h cDN 

Atd>4< it 9 o%i^--c&aE?iJ ; atccW 

f9 8 0 3 5^)t be DNAt'>4< i fc 9 5%W— C 
&%WM ; ^.ttKATCC^KS-f-g 8 0 3 5C0b he 
DNA^>4< it 9 7%M-T?*5E?1 ; 
i9»**vS«*fr*UT4*JWBI*y3K^ 
Ko 

[fjt*418] (a) E?IJ#^: 2 0^tr^/iiE 
fll*r* ur ft a # y KSr = - & # y * * 
^Ki^ft< i t> 7 0%OHH4*#"fa^y^^ 
^K; (b) EM##: 2 0Ka%-rr$yKl*»6)T5 
y»3 2 9ft#brft5#y^^KSr-3- H1"5#y 
X* u*^ Kt'>ft< i t> 7 0%©HM£*:*-r5#y 
^u^K; (c) (a) *tz\Z (b) <E>3Ky*^U 

ft< fct>7 0%««*"C*5*y^^ ud-^ K ; *5±tf 

(d) (a), (b) sfctt (c) ©tfy^ua-f-K 

y J* * K«#J»E?J## : 1 co^ft < fct>3 
0^a^LfeSSSr#L-CftS, (a) , (b) Sfcf* 
(c) 0#y**u*f-K<B#y** uaJ-^KWJt ; 

bftswio^snsw^H^fc^ru-cftsiMi^y 

v^Ko 

[f»*4 1 9 ] AT C C#K#^ 9 8 0 3 5 

h cDNA#A^liC^^5*7 1 7 ,, ^>'K^=i- K-T 

asi«-efc a , §f*4 i iEtto y * * Ko 

[M&K 2 0 ] ^±fflKtcTtKI8W(ca^ Ufctt*^ 
1 fcE«fc©#y y**? Ko»ai!:*«ift^f^fflM 
#Hf*t#brfta»fi-<^*- Q 

[tfsm 2 1 ] iM«ps«^fir^jiH!iic:^rt a# y ^ ^ 

lemism^^^-o 

1 8 te!B«<0# y ^ ^ v*^- KO»ate#Sbfti/^fPffl 
[fl#«2 3] tflEXt>K||3W(2 2 t|B«OSia^ 
[|»#3g2 4] *o*t»3R5[l 8le:|B«io«a^ 

[n*s 2 5 ] ^^assic-cft i \cmn<DJ$ y x 

^ K«r*ai-aiiB*r#L'Cft5#y-<^ KO 



-2- 



[8»#E2 6] ®±mmcx®&mi 8K!e®©#p 

vtt K&SJSH-SIgSr^TL-CifcStfP ^<-7=f- K 
©JSit^ft, 

[»*5 2 7 ] E?U## :20©7Sy B£E?!I©&$ 
fWttfBTUtfSIf — Tf&5 1 5 Sfcli^HEJLhWT 5 ./K 

119*52 8] ATCC3Fl£#-§-9 8 0 3 5©t h c 
DNAfC = -K$:h,5#P KOT 5 / SfSBJU©* 

^©Ttfp-^T'^K. 

[19*5 2 9 ] E?iJ#^ : 20or?y mmpi<r>mt 
&t&b mm&m— cfc5 5 0 *fctt**ia±©r 5 y k 

©# 1) K. 

[f&*ii3o] ia>?ij##: i©#p^y^Kt§EW 

t4>9 0%^--Cfe5^y^^u-5i-9 : -KroJ|ig!^ 
KrotfP** l^d-^Ko 

[19*53 1 ] 5 at.tz.feZfrVJ.l.io*? K© 
19*5 2 3 fa«4<£># P 5? * \s**f- h\ 

[19*5 3 2] 75 *fc(4^&l±05? * UsJ-f" K© 
19*5 3 1 f2®©# P 5? 9 ^irf- K. 

[Sf *5 3 3 ] 19*5 2 0 KB*©** 9 Wtfipf- 

[19*53 4] *DNAKJ:D3-K4*1«*P^ 

Htriwt* 3 3 Bft©*&iutt>&£ai-s ztfrb 

5 # P "Vf- H©«£JWS. 
[19*5 3 5 ] 19*5 2 0 iCiB«©-<^ * 

•t 5 »©«£#&, 

[19*53 6] IW1»©*^WK*3-K+«* 

A^^yK^^- Ki"5# P KKIfc&ftj* 

P y KJftfcStf, 

RKifttp©* P ;* * w^-'f - KC^i-SSE^a-y©^ 

Stt <offi«©E?ij t *i- 5 - i e. ft 5 arts. 

[19*53 7] K**©*5'3 p $'i/K«r3-K1-S# 

p * ? wtff - K©ans*&-cfe-3-c v 

yn-^*5K^p * * U*f - K£#MttKW 7*P *V 
P v KJftfcS*, 

KtWf©# P * * i^f- KKSH-S&^n-:/©/^ 
7*P Ma-fa VtrW6r6Xa*»&*5, 

iilC, K7*n-y(iATCC^fE##9 8 0 3 5©t 
hcDNAjfA&©*P;** U^KEJUi'J^ it) 



9 o%o— ©2 0 £fcra^*tEU:©£2tt©iW6©ffi?!l 

Iff *53 8 I f^*, @B?0#€- : 1 © 1 1 3 5 

©g|g©7 s /®EJiJ£iE?W4>>!e< t 9 o%m~<o 
T, 

*it«WM'«)#y'<^ K~.©*WI©IS**r«fc 

[19*5 3 9 ] -t>*r-7*s^YL(T> jK P 5? * H©8 

5JS#: 1©1A»P)3 2 9©7S y$t£=< — Ki"5RN 
A4fcttDNAKlia?a^4< t i> 9 0%^— T?fc5fi 

-^W/D y KJ^fifcL ; iKft»cf>©KzK V % Z \s* 

119*54 0] ^x^^KWTKP^y^ K©*ff» 
Sfc J: D«f«<5tt?>^SSS©»»f*'ftTffco-C, 

»*tt«^K»^ftftfrT , T?i»ii#* : i o i a> b 3 

2 '903li&toT % JfmMbJtmiMttK t 9 0%^ 
— rffeSH^Sr^L-rftS^P-iT"^ KicWIIMlcilt^- 

^^^©KjK p K^o*wi©iw-*r»ei-a 

[19*5 4 1 ] 19*5 1 3 IC|a«©sK P ^T"? K©« 

[19*5 4 2 ] 19*5 1 3 lcffi«©f&S?±*«iS:©7K 

*imk-r& S«-©f&«e*fe 
[H*5 4 3 ] f&g?±:£3b*©* P Kft s 
P^y^KSr^-K-rSDNASra^^U in viv 
oCTSE* P K**S-tS w 1 1=. J: D S^-f 519 
*54 2|B«c©*fe 

[»*54 4] ^T^WKjKP-^y^KSria^-rs 
!£5.M©fc5S#©f&^*fe-Cfco-r, mR±«9ttoM 
*54 liB«©ft-gHKiSrKS*K:fi-^i-5i td>b«5 

[19*54 5] 19*51 SKBilO^P^^Koa 

^W^ftTffcoT, 

[19*54 6 ] ?&£!&3l5©i*!|W©!9*5 1 3 |C|B« 
©jK P KOflPftlcov^T^^ff+S £ t 5^ 

[H*54 7 ] 19*51 3 (CIS^rojKP-^T*^ Kfctt 
-g-L, «jKP^7 , ^K©ffitt'fb«:Pfi ; Si-5{t:-e^©^^ 
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bbS * r ^ VKO^ 5 <<77 K*5 J: tWIs-fi* i , 

SrB#1- 5 if 5 *»SrHlfi1-a w t 6 * 5 PI 
[0 0 0 1] 

*r«te R S * *ifc # y % 9 K*s J: y 

K07=f~* b*3«fctF7V*=f-* b ; ifctWutfy 

#ZX}T>9*~x h©*efflteBB1-»t©"Cfc*. £!9 

h#r ^s^K©*!* * * K*s J:0W y * ^ u;*- 
^b\ ^l^f^yK^^yAE^ kVfrtf?**: 
-**3 itM vhn >«J0I!:BI1-S. 
[0 0 0 2] 

Itt*o^*J:t«Wds^LJ:5fc1'5»«] #<o 
SftftttlMWW b y y9*tofflm$£V&B$fov>W3 

•Cjg^^o Barronb, J. Cell Biol. , 101:2210-2222 (1 

985) o ^mmn^mc^x^^m^it-r 
■Br»fti-5 # *wtdifcia3?-m^^r- 

-fl-— ^f^^B, L, H*3J:tKS*s» 
mtftTXlM*7-?y%#MX% 5. Etherington, 
D.J., Biochem. J. , 127, 685-692 (1972) . *7 i ^>yL 

[00 0 3] jb^^S/^tt, S^j^^T, lEftfc 
£8¥H*3 ± tWWMWWMf IC«IB1- 5^7 r — fef V 

fc*5V>t±!lfta»J**fc1". Marix,J.L, Science, 2 
35:285-286 (1987) 0 *f^>yB, H, L*3±WS 



rfrbttt bowfc AWL «W±OTW4£©£<© 

•J^fcl-^ttfcS. Sloan,B.F. j3±«Honn,K.V., C 
ancer Metastasis Rev., 3:249-263 (1984) 0 HfiMfflfia 

T»ft31Lfci»»*j|afiC*5V^t)»fi*ttSo Kane,S. 
E. ft J; IKJottesman, M. M. , Cancer Biology, 1 : 127-136 
(1990) 0 

[0004] tw^-?— jB©Hte*5*ts#^7 t ^r 

(r*^U*al/-^gy) l-SOsflSM^-C&So Cata 
ldo,A.M. fe. Neuron, 14(3), 671-680 (1996) „ #KW 

tt, Sffi*#T-e, ^7^y, ^^xyjaimaa 

5-^^ftifOi»lft^^ b y y***>v<*«*rJBfl:1- 
Thyy^^Sr»«1-Sfc»fc, ®#jTOctec<D^JB 

*j*Ra**wctt, by y?x<D$m<D?m\zft 

^Jifco OC-2H «Ktttlt*^^VL*3j:^Sfc 

= — K1"5r. fcjWHo-CV^. Tezuka,K. fe ( J. Biol. Ch 
611,269:1106-1109 (1994) D 
[0 0 0 5] ^^^nr^^--if*5j:l^=3 7^ 
— <OB*ftK, Z-Phe-Ala-CHN 2 ^ * 

5o Delaisse, J. M. b, Bone, 8:305-313 (1987) . Stc 

^ytrhn-eo#KKJcR^i-t na**.i/^#^y 

Sr*^lC(aS1-5 £ fc *^^TV^a o Lerner, U. H. ft 
itWlrubb Anders, Journal of Bone and Mineral Rese 
arch, 7:433-439 (1989) 0 Sfefc, fc h^^X^^ 
Pf7- Mr^yLin- K1-* cDNA^P-y 
ti, ^HH (E.coli) «c*JV^T73Sa3R"ei*^^t? 
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*5 i V/t. fc n -fc y S/V ^(Ci3 It 5 K© "Tfg 
JMMBfcBWSflWU JBiW^Brr— IfJBttOfcft© 

3tft)*afeSf Srfi 5 gftKM>*©aa* J:0ftSic J: 9 

#?>tbfc. Smith, S.M.ioitWottesman.M.M. , J.Bio Ch 
em., 264: 20487-20495 (1989) „ ra-ufettffif&Wfcfc h 
iif'fi/s'SW— /VflH&Sf (Saccharomyces cerevisi 

ae) l^:d3lt5l8a*}±t«Bife*.»*c^ < l*ttfls^co^^rt) 

UT ^ -5 . Broome, D. fe , J. Biol. Chem. , 268 : 4832-48 
38 (1993) „ 
[0006] 

fc*U #380i©SlHl«*s jKy^f-Kir?)telt02 6 
33 ±tK 2 7 ic^-f-T 5 j Bffl?iJ i: * <om<ofi R© 
gE*lT5 -/KEJtU Mx.lfWOC-2tt h^T'T* 
V VO c DNAi ©ttHttfc i 0 ^"i/ VK t L 
-CHSLfcfc©SrStti-5wi:(!:fcS„ Tezuka,K. F>. J. 
Biol. Chem., 269: 1106-1109 (1994) „ & 6>»C#389i© 1 

KfcW8.# 3 K* = - Ft* # 5 5? * K 

[0 0 07] *38M©i: 9 fettff* UVM88l£*5^-C» 
tfyja^Uod-^-m, BBl-9 HWW*: 1 ]''**:» 
A T C C 9 8 0 3 5 (#WiSl*t?tt*te* p - 

^ift-fS) <Otf J ADNA (*W»I#-Ctt TgDN 
AJ fcij*f) {C^-fEJOKSSitat h^^y-^-K*^ 

WMmRNAf, cDNAl, ^ADN 
ASWfcJWWa. **H©fc!)fertffSUMHiH:. 

[0 0 0 8] #SS9I©HfcSg«Jtt:, ^^WR^y 

-wk; 1 9 fcrt«*.ii#a«e» ^x»m, =* 
mat&s $s»ffiS3Sx y c 

"s-V*. (protheses) t 9*>lt#ft^ h©5> 

*J±tflWMfc *©«rtf©S*^J:tJWIWMfct«!:tll 
»©M»ttfc**ixS. t h**©*f»#y'S^K«r 

[0 0 0 9] #36?)!© t 9frtt#*UMB8*tt:, t h* 



5fc h*9 l 7 , -»'K©3ESS!-efe5. #3&9!©t>5-o 
©gWtt, ««©#!> "WK, #y*WK»Wl\ 
MUsJ:tfiR*tt, «W*J:UW«*©»W1\ itt«t 
*»©WH*©lBt^tr^1-S £ i fcfc *„ #3Sg>3 
©fc 0fett#*UM(MIIH:, ^HttOt hjfry^S/VK 
t3-K1-a#9 5i^w*^Ktr, »a^Bft«fc*PA 

■f5£fc«r^tr» IW©#9 l 5 r ^VK#y'<^K©« 

[0 0 10] Sfe|t*»W©t>5-o©BWM:, j&t 1 ?" 
fVItite?**ft-t-S. Sfcl*ftaa*JIE;bti&fltt© 
»»©K«;tt*JMWa*tt«rJltti-ft£fcT?*8. $ 

#mta t xfmmm g &-e©w&©fc * icuwt © # y 

& **»-Ct> : WfctfT^^Ktfy^^K, #y 
rijcjcuw^tf hp, x^yrtsttt'f i'tftf-c* 

y^VKSra- K1-5mRNA*fctth n RNA*»6 

©tf^^Vi/Kitf y K«r«jei-5r t iao*f 

d<y 5?^ KI^Mt5Se^S*sJ:TJf^, «A 

aa*^38 j;twifiHHWttE?y©*a*«3e-t-8*» ; 
ksK y -^yf - K*fc«* y y 9 K*a*+a*tfi 

[0011] #3893©4#£©#* L^««lfcS8V^-C, t 
-^Sr»«r5. *»W©4feK»*U^«llfcS8V^ 

^fT'wKaKy^T'^KKiseN-aftfrSriitt-f 
5„ £©^^HL-C1#|!:»*LV^«8«S-Ctt, ^(ommt 
t hAxy^vKicML-ciissRW^&a. *isw©ffi 
©S8«-ef±, Ay^^Krrf-^hSrftfti-s. it) 

5, i*)t>»tif*U^3*-^ hf±, *>?7*s"s 
KhL<\** J r7i'>Ktfy'<7 1 ?h\ *fctt*©<i© 

[0 0 12] *3BM©*bK»J©«8«fc*JV^-C, *f7' 
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t^n*>-*^ (protheses) kVtottHKM >7y> 

mtx&* mmm»&vft4>?y>\>#&wt?**s 

-if* (protheses) k VtotttifM V^y* h<D&m 
[0 0 13]*»fl©I4Siift, ^^tf>Pl?» 

u>Ktf y K**a-i-a*:ft©*^^>^K3iK y 

[0 0 14] *»W<0't©«©a«J, 4Wfc «B^*5J: 
[00 15] Si 

afc<DT?ttfcV\ FDNAMj fctt* DNA^O 

iftfcfccD^ft:/?;*^ K*fcttDNA»rJi-l ng^S 
j£|gffi»J 2 0ml W*« 2 JWStT??IHb1-S. 75* 

4tO"CttDNA5^5 0 a g«\ BSW&2 0'-2 5 0 



[0016] »S©MHB*ofc»oas&«lf»*5J: 

JfeStl/O^a. 3 7 , C"Ci|6l«FlH0^^3L^<-S/a>' 

i*iBtt, aft^fcftatflrefcaa*, ^ftfczfrfe, 
[0017] rae«s»j -^wtcTKy^^ 

[0018] =*fcry-AMKHPtrf&£» 
-rtfc***ua»a. rtb&B*WB»fcj8rj5^yh 
BticattsJ: 5fcs=ft£#©*fc**ft»a 0 ae 

*#-rtfct>£**i#a. 

[0 0 19] rp-H4j fctt, #y^7*KSfctt#y 

«fc36TtSJ;5ft, ro©#y^;/f-K4fcttr*p©# 
y 5C * is*?- KEWBOBMftBBttoatfSrAft-rs. 
H-tttt^KgtiJ-Cf a e Ho<o# y * * KS 

<*5#, r|^-ttj fta«»tt* 3£#KiAfcrcft>a 

(Computational Molecular Biology „ Lesk, A. M. IB* Jj" 

1988^ ; Biocomputing : Informatics and Genome P 
rojects, Smith, D. W. 7^7^^^^^, n^.— 
3—^ % 1993^ ; Computer Analysis of Sequence Dat 
&x ^— Grifin.A.liSSitWrifin.H.G.Ii, ta— 
vy^^, ^-y— , 1994^ ; Sequence Ana 

lysis in Molecular Biology* von Heinje, G. % T^y 
$ yf^lsXy 1987^ ; *5 <t U^equence Analysis Prim 
er, Gribskov.M. ioctU^evereux, J.f@ x h>* 
^-3^ N 1991*P) o -ocoE^!lSr(^-tt 
4riBfii-a©tCfflV^a-tttt)fc*4fe(Ctt % Guide to Hug 
e Computers * Martin, J. BishopS* 7^r s y&'?\<' 
^^ fyf^*^ lgg^MWCCarillo.R^ct^Lipm 
an.D. , SIAM J. Applied Math., 48 : 1073 (1988) {Cgg^ 
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jfrJ^s-iytr—'J (Devereux, J. £>, Nucleic Acids Res 
earch, 12(1): 387 (1984) ) , BLASTP, BLASTN, FASTA 
(Atschul, S. F. 5j, J.Molec. Biol. 215:403 (1990) ) ^ 

[0020] r*Wj t tt, rAi«3»c j ?;&©:R{§;6» 
5E*©ii^&^4*6t>L<H*!>wi% *fc 

£©.fc.5fcjKy** l^^Kfi, DNA©$ft-t©ffi© 
* y % * u*f- Klc»fi> LT aftKJIfclHB U 
J-v^JtfcHMtU «*.tfl&*«f"C#**fcB:3ai-a 

^*'-©*ft*©te©#y**i'** : K4*i*Mr, 

f- KH\ ««»W«l*.aiMSfc* y * * K*fctt 
^y^^KSr^A-fSfcfcro^W, <b*«J*fc»MNII 

[00.21] r^-f^i/ayj ili 1 At^<li2* 
#(DNA-e&5, 2fl*fctt**b£U:©#!)**l'':*-?- 
KM©** # V^x*rM&-&* : f&&-r 5 XSSrScSfel" 

tfl^liSambrook?}, Molecular Cloning, A L 
aboratory Manual, $2Jig ; a-^K7^S y{f/^—/< 

- N =»— 3— £ (1989) *5itJ!Maniastis?>, (£*T 

[0022] r (&»©) a-y =r** usi-f-Kj ttt, 
p«{c— 2tc^, r*(i*fcttH*« y * k, 

T^-feV^^y^^Vsi-^K, RNA : DNAA'f 7* 



^-y^^u-^K, «*.tfr*iiDNA^B- 

^y^^u^-f-Ktt, utfLtfia^-y^^vd- 

K*rt»K*»tt 5«t«Xb*«*lfcfc J: 9 4tlMSti&. 
L*»L4/JSP>, ^-y^^^d-^Ktt-r^fholWfe* 
D N AJKSre* ± t)*3WJa*3 «k tf£flefc48»t 5 D N A ©5§ 

ate j: 5 ft z<om* ©*©tt©#i6fc &9#&z.t»v 

[0 0 2 3] ftWjjtLfcDNAIJt, ftHWftfc 

©■crts' y yMmtzisV&btiz. rwiSfca-y =* 

55 ^ W^-f - K© 5 ' «fc:iD N A£**#jW 

5©Ka*ttffl DN A y #~ tf&fflvS ?>f -7*- 
i/g >^»c*5**iJv;>:i:*7VW83^fi&©;fc*©g 

i/B^tm^tiim^. tf*s.fctf AT PSrfl^S 
J:9ftgl*P8tt:J:9, PvWI[*Wiin?*S. 
Lfc^-y K© 3 ' a?itigl&©*SS 

S*#U T 4 D N A !) !) ©#ST, 

£ac»j©:*-y ^ ko i 5 &bij©# y * * 
k© 5 ■ y vgftsat *^*t?i^y-/M»-g-*^i- 

5- «»©i5k:, £©£j£W\ Str#e\ y<i9-*s 
a :✓©«»;:*:©&© (*»©) tfy^u-^Kws' 

[0024] W9*% kj *nMrci*attttii: 

-f(Crtj|R^J:9v ^^A^RrteT?&5*>*fcl4, ^*J© 

^•C#S„ ^K^isitSr©^^*^^^ K*5J;U« 
-5r©ffi©^^^-©1*te, S^*iJ;U!ttffl«:, ^WiRB* 

[0025] r (ffi»©) #y 5? ^ kj tr±, a 

^te^SHTV>*V>RNAtL<J4DNA, 4fctt3fcS 
^^fcRNAtL<«DNAlc4t)#5tf!S©'Ky } J # 

5? ^ K*fctt# y y #5? ^ K*« 

^Ktt, iBfett-^WlfcitfrfcHDNA* 

it^rjtc^n^wja^'fe-e&aDNA, -^*3<t^- 

fc \t—^S^io X tJ 5 H3tc<MISS!4©<S'B - ^ "?J;v>DNA*5j; 
0«RNA*<rtfW^!> v K^-«r**i-*. 
♦WBfftyfflV^^^Jy^w^KH:, RNAt>L< 
f4DNA*fcttRNAfcDNA©pi^Sr-S"trH*fi<a*K 
Sr«*-rs„ t©±54««fc*»5«H:ia— ©^* 
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[0 0 2 6] *M*freffl^*#!>JR^l'a»^K*affl 

sic ra, -o* H*h.«u:©** Lfc&afc^in- 

DNA*fcttRNAtt % #?i3*fliS-ej§;iai-5fflff-efc5 

£t?DNA*fcttRNAW: (-o©0S£tt$r£*1-) , 
hi. %^\Z.mn<O£<0G%t£Btf3&ffl)i-tZDN 

AfcitHiNAfc, #*fc#<©aHte»fc**tTv*«r 
tit, H€>*»-e*5 5. *MMreJB^6>ii.s#p** 

u^KfcaJHBtt, #y**i'*f L K©i©±5fc'fls 
frtt <? -T /w**3 J: tfWMNtt J: triK6tttt*©ttMK:ft 

ftttftDNAi8j;tJ«RNA©<b*ttJWit*»^-#-*. 
[0 0 2 7] *9IMrcJflV*8 WP^WKj fctt, 

7^ K©Jftttfe*&liJl*i-?fc 9 , #tf fc* < ©## 
a*£tf*©te©S*S#©J5^fclBii3JvC^5. £ 
ti\m*-. #WB»"eJB^»::©Jll»*, ^t^KIM- 
Iwi (3 fcfWBlnicItt- LTvN52<B*fc Ht* ft£l±© 

1-5. *9MMFCJB^5::©Jim4. IfflWtSlttffiA. 

■*-ai**©JBiL fcit^offlfffcSSIW-TMRtt 

[0 0 2 8] #})'<7°?mU-£l,\i£m%2 0faO3i& 

o -fe y <fc tf-fc©fl&©»|R«gfcSE© * 5 £3c&© 

I«cJ:S©*fc&1\ *fc»f«#lcJBfc©fl3*tt3H6 

ewicto-cfc, ±IE©# y KfcttSGT'* 5 C i 

fcSe»4jS*5fck£^©T, &-tbz*>%<mm-tzz.b 
tt-e* ftv^s, Mttft#*«#J:tJt3 bfcl*ilR&tt% 

i, T-WWL ADP-y #*>7Wk T5 

*~©#**s«\ asm si*wk itx*?* 



/vtf^i/Mt, rVafMk, GP I TV*— * 
■Ms, HfrJWfe, ^f/Wb, 5P*W/Wls, Mfc. * 

ft, ?*5fls, -trw-f/Wb, MMk TA"¥=/Wb© 
±5* h^V^^r-RNA^O^y/^K^T? 
y®J©SSJn> jaitfa-tf**-*— *>s ^ (ubiquitinati 
on) 44f#*ft. 

[0 0 2 9] £©J:3***H:am#KH»-e*>!J, ft 

tf«#«J&afe£, flhttf^P =^Wk> flMHId-, ** 
{b, 5 yB0*S©^fv-7— *» 
•fbiaitf adp p *s^/Hb**»%«SI»*<MMI» * 

;LtiProteins-Structure and Molecular Properties, 
^2)S, T. E. Creighton, W. H. Freeman and Company, ~ 
=.-3-t (1993) KttMZtlX^i. #<©SMffl*lfc 
3C{RJ£.li, Posttranslational Covalent Modification 
of Proteins, B. C. JohnsonjH, TX'fKytzfux^ := 
3.-3 — ^ (1983) ©Wold, F. , Posttranslational Prot 
ein Modifications : Perspective andProspects, 1~1 
2M ', Seifterfc, Analysis for Protein Modifications 

and nonprotein cof actors, Meth. Enzymol. 182:626-64 
6 (1990) 33 JctWlattanb, Protein Synthesis : Posttr 
anslational Modification and Aging, Ann. N. Y. Acad. S 
ci.663:48-62 (1992) ©IBflWS, *=HSl!:f(lffl1?# 5. 

[0 0 3 0] *y^3 F ^Kttv^ot>3fc*KlM|-C*fti: 

i8i»SnJ:5. ^itfjKy^f-Ktta-f^^-V 
s^©^*^ttT?t, -«ttl=tt, ^©T'n-fes'^y 
^*if©afR^©<f**5«kt) ? ^-ettigc: 9 #'fcv^A^ 
flWlf|!fcJ:9tfcfe**l.*5lHfc©ll#, ^tt©fc5, * 

fcS^y^^Kli, ^fflS?^©XSI^i t), *5£ 

BS, **^©^ldJ:5, ^P^y^K©T5/*fc 
(4*/w##^wS*fc(l^©^©jE»r«, ^fcifir 
t), •g-fiS;jKy'i7 , 9 : -K*5«tU!r©J;5*afeffittP«»C2ti: 

awcjKy^T'^Kte^rtELtts. ^i^tf, -xmw (e. 
con.) -c^fetts *y ^--f? K©r $ 

^ ^ SS^©^n -fe y S/ V ^©«Il;:5& if i^T N - * 
;u$^^->-|cj5:5. 

[0031] #y-~i^KfciB;:5*fcttWiLtf*;h, 
©^►)*tcf?S$n5. «*.BIto^n-J«fiiW 

#<t*5 j: tma itsiiSija©siR«3ic^ie^ * ± w# y 

KOT 5 J ®ffl?d Kl^rtE t" 5 afcS&ftf - J v i 9 
£*v5. Hfc©J:5K, Wa*sf*m\JS\* 

Byd»«©J;5*llrtlflr±-CBlBr6ftv\ ^oT, ^ 
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tm» u « l fmuMVom® t wi dspi& if y => s^wis 

tefl^Mu rflaa*T?fiAIMS»a»*. i 9 felt*' 

[0032] afeg©n-<oS!B> ±fs# y '■W K©» 

« y KB* - <o H b &£T09fcKtt£ft£MNIi: 
*wc jKP X * K*r»a-*-S £ k K «k 9 ^fifcLfc 

[0 0 3 3] #§MMr*Jfl^a#!J**i<';*-* l K*J:tf 
sKU^T^Kro r (Wko) 45flif§tt» MR 

* !> * * KS fctt# !> ^7"^ K & B<8-* &4 3 # 

y 5t> K*fct±# y K-cfo s. z ©ase-c 
( i ) sijrosayy, ^sa^ y * * i^?- k k b* * 

^ KE?U#**5>Ky * * utff- K. -fl&WKgftB* 

mn<r)$ttm.*MyyYT!&\ l-4fc*>* j^ys^ 

y^7*f-KSr3-K-f5T?*)^5. *fc£ATK:|Bi-«t 5 

y Kt± 5 =- K£ft5#y ^7"^ Kor 5 

{bB, ElTKH&S.fcSfc:, #JI9IB?iJlc £•>=>- K £ft 
S#U-<^KlJ:*iW5r5/»fflft, San, 4c«x 8t 

[0 0 3 4] (2) T5y*E5H*tt+4t>t»*IB# 

y k t ba* 5 * y K 0 -aawi-gSB. 
mtoxxfi&mtf)) ^yf- k», i *fcB*wa±©« 

5 3. 

[0035] *MMF?javts rsMW^J fcB, * 
»««)*f^K#H/f Kfc*JlttlclM-*fcB 

a ©*46-f*fiwoj}<y^7'f i 

KkWJ*ttfc»**fcBfcEfrars*©llM>»* (* 



B*fc«*B^^S'VKSHRIHflstrf>'£tr. #3801 
fcB*#fclXBIBEfWfl£T*4:©ll£'B, #3893© 

£»U*#»Kff*U^i-e*9, *fc 

[0 0 3 6] 

OC-2*JJ:U<t h*r7'-»'OcDNA|C*rUTT$ 

5„ Tozuka,K.fe x J. Biol. Chem. , 269:1106-1109 (199 
4) „ 44M!HttlcBll-9 [E5U#^ : 1] KS%f^ 

NAJ if^i-.5ATCCfft6S#9 8 0 3 5©gDNA 

<0 g DNASrf-^iV^V^-t-S i t »c J; •? A^Ufc 
r.tll31«PSixJ:5. lot, *K^o-yroE?!lH:, 

[0 0 3 7] yy ? ktf K 
*3SWffl-o©«B«fcJpDT, aiOtsiVll [ga?0 
2 0 ] (Offimr 5 y SSEJO CW»T 5 / WEMK: 
|8Lr«@2 8Srt>#fia) *^rr«*y7 , i/i"K#!l'< 

^ n -ls<0 g D N A»C «fc 0 a - K * *x5 * VKiK 

■C. 01-9 DBTHI^: 1] K*+#5^* ^*^K 

l3?iJoJ:5 4t h*7 l 7*i'VK^y'<7 , ^KSr='-K-r 
5*»W©#y v-Urf- KB. ffiBteStt LTt h© 
«IJiS*»fe©DNASr^V^, gDNASr^n— 
5 «t 5 4® 4 9 n -s V ^fc J: Ot^ ^ y V ?<K> 

i - 9 mm* •. i ] tat-*- # y 5? ^ v^-^ kb, * 

fco 

[0 0 3 8] i^rot F*r7*i/^KiS:3— K 

1-5 gDNA^-^at>s/>^©a*K:***t5i 5 
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ftfcfc.fegDNABaitrHl-9 [E?iJ#^-: 1] KS* 

tf, j^] 3 2 9<B©TS y&So^V^K&a-K-f 5 
#S685tt**- TVy — f-i yify i"-&i$%-rz>o 

^&SrifSi^--S-fc>-a:T#e>tbfc, mRNASfclihnRN 
A*if»RNAOJH|-C» SfcH:«*.ScDNA*iJ:tf 
gDNA*ifODNA©3gffit?±V\ DNAil=*i, 
-*^*fctt-*^t?J:V\ -#§DNAtttt (-try 

Sr=«-K1-5 3-KE?0tt, 01-9 [EflBH-: 1] 
l^-fsKy 5? 9 K*fctt#K* a y 5? * 

B10*U:0»1 1 DEW»*:2 0] ©DNASfctt^F 
Kg DNA<D# !J ^T*^ KSr=- K-f***aEWSr* 

[0 0 3 9] 01-9 [E3nj##: 1] ©tfiMT^K 
4fcB*KgDNAKJ: 9 =- K£ft3#y KSr 

=-K-ra*3sw«3#yx^^^-Kfcf±» K5£-fst> 

o-Cttftv^, ¥»©$»# y ^yf 1 K©=- KB5I ; 

y '^'f - k* = - Ki- 5 ia*!i*5 ± twin =< - me 

-* , -*fctt#S6B5(l&=- Ki"*3- HEW ; KJfcf 

*5 <fc y T 9* -^WWt ■**© m RNA^otyt'y 
*\ 'J Afrfr:l3£tfmRNA©5&£ttte*JV" , Tft 

*a-K5' fcitM' EH*©. W4n#3-KE5it 
itfltofttna-' KKH*#5 *»*fcH#fc*vv* 

K©=- KK^iJ ; #iD«HBft*##1-5 J: 
5 fcttiDT 5 y K&=— Ft Sf+iO=- m5t*#*> 

^K^y-^T'f- K«wi*ffi-*- -T-^-ia^j^jta^ 

9, #<dSTtjS5^J;»)A#"5ri6-Cfc5„ flRtfGentz 
lb, Proc. Natl. Acad. Sci. , USA, 86:821-824 (1989) 

fl©»Sfcffl:£Wfc:£{ftSi'i3. ha#W^7^i 

JfcU Ctt{CoV^TI±^Jx.«Wilsont., Cell, 37:767 
(1984) l£lB*(S**VC^5. 



[0040] fltraEtcsgD, *mh*-cjbv*8 r^y^y 

^rotfy^^K, iUfettBi 0*iJ:tfl 1 CE?d# 
#: 20] Jc^-fT^ygfEWSr^l-St 

t h*f7 , i/VKorSy'i8E?IISr3*-K1-5ia?II4ir 
ro^y^^usl-f-KSr^-rSo c©JBf§tt, (flljttf 
^Vhn^C^SjLfi) aKy^^KSra— K-fS# 
-©3B^ffl«c* fc tt*ffiiK®« trflAWK i: *tc£*» 

[004 1] #3gl?)|tt£&fc:, SI OJfeitfl 1 [B5» 

»#: 20] oRinr^yMiBntr^ri-s^y^f- 

K, *fcia*ft*n-V©gDNA©idry = 
-KSit3#P-<:/*-K©l«i\ SHMM*J:iflWM** 
3-K1-5, iJSro^y^^u^KroSaSliiBiU 
rftJ-lSSI-skw-eiifcvvas, :o±5 4gDNAi» 

KojBAffllciiseifias^r va^AS* fc tt * ^9 W * 
KJ«OJ:5*35««&*JWeJ:<» *fctt5c&»::38 

i us/* fctt^ttTOSrafe^-r 5 i k K X 9 , 
*fcttgDNASr5c»i::f±3SmL,*V'>*8Jia*fcl±r.©J: 

tt, «3fiost^i'*9 ! -K«fc» ^tl*fcfiW-iot!:J:5* 

[0 0 4 2] iro^KBHi-S^lKW^ff^L^tta 
tt, 01-9 l] \z.7Mrii^-f^-yK<07e, 

yji^ WHiFI, *fctt^f6^.c-vro g DNAK) 

MrauMmi*, *f*7 p ^vKWia, tttv 

ft«tftc©»f jtSr => - K1" 5 * y 5< 9 y*?- K-Cfc D , 0 
1 0*5£t*l 1 [E5J##: 2 0] ©Sfctt^K^i©* 
x^WKTKy^^KWTS/SSffi^l^o^, '>L 
©, 5~10, 1~5, 1~3, 2, l*fctt0<@©T 
*a*fc»*fiHlP«rtt«Oili**b* 

v^^ ) ©tt, ^ f+iD*5iut^*-efc!?, * 
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•t#*U*t<0tt, B&fcJfe£*V\ HlO*5J:tfl 

1 [E?u##: 20] *fctt»K*©rsyttgayii 

[oo4 3] xmvmzbwsiL^nmt** 010*5 
±tn 1 Csa?iJ##: 20] s y&E^j «:*rr 

y % 9 uirf Kt, < i t 7 0 %0iai-tt*r*1-<5 

* 9 \s*? Ktt»K^ ^© gDNA^r^K 

tbfe fc*»»aS:* y * 9 is* 1 ? KK'>* < i t 8 0 %© 

LT, 4r!>i3H-ff*U^y5C^u^Ktt^ 
fc< it 9 0%©WH£fe#'*-3t©"CS>?K «MCff* 

So S 6>fc**< it 9 5%<Dm-&&%t%h<D<Dy 
"Ct^*< it 9 7%tf*)5©!isj;9»*L<, *"Ct 
it 9 8%**itW>fc< it 9 9%-e*s<DjW 
U:#*L<, Sfe^3i< it 9 9%-C*5©*J:0» 

yhp^y^^ hTOfttts* y * 

*W**"K, W^^hP^l [!B?fJ#^: 4] , 2 
CEJfJ##: 6] , 3 DE^I**: 8] , 4 [E$H» 

*: 1 0] , 5 [BW*«: 12], 6 [E^J#^- : 1 

4] £*:J17 QBni#*: 16] Srft^U SI -9 
DBW#*: 1] *5<tt;i2-2 4 OB?!**: 2-1 

9] Jc^-rtBJOSr^r-fSaRy^^^al-^K, *fctt±» 

tt, ^f^K^yhoVl [ga^lJ#^: 4] , 2 
DEW**: 6] , 3 HBftl**: 8] , 4 
f:10], 5 [E5II#«- : 1 2] , 6 : 1 

4] £*:te7 [EJU#-§>: 16] Sr&*.U *f^>y 

[0 0 4 5] *fc*»H©t©tt«>ff*U^rt, * 

r ^Kx^ y y# y % 9 - KEMSr^tf # y X 

W;:, x^yyi [E^iJS^- : 3] , 2 
DEW**: 5] , 3 Offltt: 7] 4 [E?U# 
* : 9] , 5 Q&l** ill], 6 : 1 

3] , 7 [BRI**: 1 5] 4fctt8 [E?U##: 1 

7] sr&^u 01-9 nayw*: 1] *5<fctfl 2- 

2 4 [BB5U##: 2-19] fc^M"^* yv# y ^ * U' 



tflcro^Sfttfy*^ KKft»W4*y ^ * ^ 
K-CJbS. *38W^)^«0(ltofft U #x 
^Kxd^yyi [E?U##: 3] , 2 [@B^#-§- : 
5] , 3 mpmWi 7] , 4 [E*l«*: 9] , 5 
[E?U#^: 11], 6 imPm*: 13], 7 [Eft 
»»: 1 5] *fctt8 im&m%: 1 7] Srft^U * 

[0 046] ^NoSblcffSU'ttRtt* 4#S«Jfw 
^^5^^Lfc3«y^^W*^K, »fcHTW*V^ 
-x^yy^7:l-3, 1-4, 1-5, 1-6, 1-7, 1- 
8, 2-4, 2-5, 2-6, 2-7, 2-8, 3-4, 3-5, 3- 
6, 3-7, 3-8, 4-5, 4-6, 4-7, 4-8, 5-7, 5-8 

* fctt 6 - 8 trflrft*»-o*fctt-t*LK±*tf * y * 9 

■e»«-J-5aKy^f-K, »l:*f^^yK©S»«!l 
jStt«r*+a#y^^K, i5fc*tt HBJ»K*ai- 
SaRy^^KSrs-^SWftte^^^^Lfc* 

y^^u*^K-e*>5. 

[0 0 4 7] ^^yv-Ji^ryv^TSr^tp^y^^ U 

*^gSH-eiv\ d©J:5fc#y**u:^KG>#^ 
^^CAatt«^XAVtsm«r r ft b y ^ ^ 

k, urn* tz\*±mmm itiiitttsit* 

r«>J: 5*#y5(^^**-KO*^«3ISfe«>aE 

te^afeg-rariicj:!?, *fcri^*wc«tgDNA*38 

tt^-egDNASrJBaS-frawiiciBf^a^fc^-e* 
a c ^^y v-^^y^ri^^ciK'&L^^y ^ 

[0 0 4 8] CO*KlB-raiDWt#4LV«tt, 
HlOiSitfll [E5«*»: 2 0] ©cDNA*fctt 

KiH»W^^-0^^6^|g4fcttStt*^+a 

^y^^KSra-K-ra^y^^u^KTffca. * 
6>ic*wiB»±»oHWte/^^y ^xi-a 

/Rrtc^ h y v nft«itf*wjMf±a©#y ^ ^ ^ 

a 0 ^^«ee=-e^v^^ r^hy^yavhttifij <taffl 

Btt, EJilWco[^H4^/>^< i t9 5%, #*L<tt 
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[0 0 4 9] **8B«)#P^^u^Ktt3eic|BLTr. 
*f-Ktt, *y^>VK«:3— Ki-ScDNA±**3j: 

O c DNAfcJclWV n-i/Sr^B-f SfcfeO c D 
f^>yKlfi?©3'-K*«tt. BEiEPDNAEyilSrffl 

vvca-y KT'n-y^u *^y-~ 

thcDNA, ^;^DNA*tttmRNAO?-f 

T^y-co*^ y-=y^lc/8v\ yo-^W^!) 
[0 0 5 0] *%W<DtfVX? u*^KS3J:tK#y^ 

y * * Kttftinir 5 / tt* fctt*/w#ap-> 

f'KOhyyjy^y? (trafficking) SrffiJtU # 
i-S^i^-Cft*. -«ftta±#*, tttrars/ifctt:, 
[0 0 5 1] l*fctt*tta±o^nE«fcik^Lfc# 

y^^Kori^tt**i-s«rB#^^«wt, #y 
a„ mats zo£5ftmmmz7v9>'^9Wb?fii5ti 

a D B+Slc, ★JSWOaKy^^^f-m***^ 

9H. y-^-Em«n<:fc*»#^^« (t'^v 

^-E?II"C«:*^ 1 *fctt*iiK±©^PE5IISr#i-5 
j^*:"<*K«>t(rl«k *fctty-^HEW*U:tM 



[0 0 5 2] fttflft 

t hj&^^^KgDNASr^-fSStEfttt, ±34© 
y *V • 94*7- ' a^i/s ^IC^rft 

Lfc 0 £fc±a£<D£*5 9, gDNA#t6*tt#Wjft«-C 
tt r^f€^n-^j Sfctt Wo-yOgDNAJ 

^—.3^5/3^ 1 2 30 1/^D-yK7^ 
?\ n;/^;K ^y-7^K2 08 5 2, *@»C1996 
*M;i26HlC#KU ATCC#f£#^8035£#4£ 
Hfc 0 *t6*tt\ *f/^KgDNA^S^tt 
SP1 a** K-efcO, ^K^tC rpiSacB2Ca 
tK/P 1 2 9 J £ffc$;fX*o 

[0053] 4wm*±0f^*^aBnK 

ttKJ3c4Mi*tta. W6ttS!l#«)«fi:©*:«)K©*jl 
3 5U. S. C. 1 1 2*©fciteS#£tt5 

s**fi, #f»tc^£;h,a#y i^t- kew*j± 

U^tJxte J: 9 = - KS*t5#y KOT S /»EM 
#f£fe£r$Jig, «ffl*fcftlE3Bi-5fc»fcr±9 

[0 0 5 4] # y ^7"^ K 
**B8tt*bfcHl 0*5«fctfl 1 [E?l## : 2 0] © 
BIWTS/lffi^Jft^St-h^^i/^KaKy-S^ 
KfcBBU CJittHl-9 [E?II#»: 1] 0>EJM»fc 

7-f ^ Ufch n RN AtfcttmRNAI: i 9 K*tb 
SS*ft*tp*7 l ^5/VKgDNA^J:9 a- KSttS* 

n RNAfci 9 3- KSixtbS rhfe^aKy K, 

6>o#y-£^K*rt>lHft-rs. 
*»«*fcBtr«rfc*»SixTVNS (Hol.PA.6), J 
oumal of MedicalGenetics, 32(1)52-56 (1995) ) 0 
[0 0 5 5] *38W*aft"t-5»*LV^aKy^^K 
tt, «»tt«!:^^9^^L*:iRy^^u*f-KKJ;Da 
-K**i. t 9t?»£JLT©3:*y^-^*y^T : 1 
-3, 1-4, 1-5, 1-6, 1-7, 1-8, 2-4, 2-5, 2- 
6, 2-7, 2-8, 3-4, 3-5, 3-6, 3-7, 3—8, 4- 
5, 4-6, 4-7, 4-8, 5-7, 5-8*fctt6 - 8 SrflTft 
*»-o4fcMt-ttb£Jl±^tf*y ^ ^ V*^- Klca- KS 
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It, Wattte^^^^LfcaKy^^u^KKlJiOa 

[ooB6]*»B©*6Kfftu«*tt, **yy 

f^Ks*yxi [EJJ#*: 3] , 2 [E$l* 
5] , 3 DB91**: 7] , 4 [ffijnj#^ : 9] , 

5 [EJW*: 11], 6 13] , 7 [E 

: 1 5] 4fcf*8 [E?l»# : 1 7] fc&^L, 

01-9 CE?!**-: 1] *5j:lKl2-24 [E#l* 
2-19] \z.7frt3L*y>>tfy KEJBSr 

5 y * ^ Kfcft*t«jfc# y ^ ^ ud-f - KKiJ: 

HEW*: 3] , 2 [B70«*: 5] , 3 [E3I* 

*: 7] , 4 ffi^JS^*: 9] , 5 [SB^JS^ : 1 

1] , 6 [E?*J#t : 13], 7 [Efll##: 1 5] * 

fctt8 [EM**: 1 7] 4rfi*U a^^KAl* 

[0 0 5 7] #3888H:*]tCft60#y^f*K©»f 

2 0] CDtfy^T^K* HI- 9 [EW»* : 
1] <OiB50*»&e*£tL5, *:/?^***wfc'^4fctt 
♦>A«JJC^^9^ * £*bfch n RN ASfcttmRNAlCl 
i9 3-KS*LS#y^^h\ Sfcfi^KgDNAlc 
i!9 3-K^na^y^7 B ^•K**U-CV^5S^ r<0 
J: 5 fttfy K fc W— a>fe**««tB* fc 

a e *^^^y-<^miia^x.#y^7 p 5 L K, ^ 

jKy^^K*fctt*rt#y^^K-eJ:v\ 
SU^BKTtt, rtLf±j|l*A#y^^K"C*)ao 
[0 0 5 8] Hi 0*5*1*1 1 [E#]#-S§*: 2 0] 
y-^h\ 4fcttBl-9 [EM#*: 1] ©Efll*» 

Sftfch n RNAfc L< JtmRNAtCJ: 19 a- K£*x8 

-KSfta#y^^K<o|»^ W»#fcU<ttMR# 

it, (i) i*fcr±*tua±or§ywsa6*»#*fc' 
tt#&#r s j mnm (» * l < rt»#T $ v sssig) 

tei9**SJvC#9, ^©±5*«*T5/B»Stt 

afitta-KlCiB.a-KSilfctfy^^K^-K 
SJvt^fcv^y^^K* (ii) l*1t\*Zfi$k±<D 



T§/IWaS#«ftS«r*tp3iKy^^K, £fclt (ii 

0 rt»*y^^K* s *©«©ft^«*.ff*y^ 

^-/u) iffi^LfczKy^^K, 4fctt (iv) tt;&iI7 
5y«#j*»#y^f-K, H*tfy-*-t>L<tt» 

weak 4fctt«»*y^*-KfcL<»±^B^y/^ 

SEW©»«fc«v^tLaEWi«^8*y K 
[0 0 5 9] co*K:H+ai:5b»t#*U^«lttt, 

01 o*5±tKi i [m&m^: 20] ^t^f^y 

K^r^yKEyilSr^-f-aaKy^^K, *ix&«>SE» 

•ratobJtstu^flitt, »n-^gDNA 
[0060] t b i^fsnt «#r $ ym 

H»l!:J:!i#BBi:r±a4.a2e*a!"efta. C^iSftlt 
*y-<^KoJ:IBT5/»fcWS«)BMHLfc 

aicrsyn-eiBfcLfcto-cfca. Affl»4%©tf 
fi*^w&nao««iSiRT5y*Ai a, L 

e utfii; I 1 e |Bt?<DttS©««rift*. ; tKSSS e r 

T5K*ABn*SJ:UtGlnBB-C©«*, ffiStt 
SLy siaitKAr g o*D#i»J:tjg»ttSP h 

[006 1] rojjSlcBBi-aS6^ff*U^«««:. 0 
1 0*5j:tKl 1 [E5B## : 2 0] ©*^5/^K#y 
K^T^y KE?1J4 fcti^rte^ n^>-0 g D N A 

<DT$;mmm&%^ 5-10, 1 

-5, 1~3, 2, l*fcttO<B«?T5yiSaaSr« 

a, «»#*±i«wifrc*a. ^fcot-cticifo 

80 tissue fimLrv^7iv^0l O^ctt^l 
1 ismm*: 20] 4fcn^te^n-^r^yKE 
w«r*i-s#y^^K-t?aE>5. wsw^y^f-K 

4b<, iSftte45*"C»»M-5«)#ff*UV\ 
[0 0 6 2] *»w©*y^^ HUH:, E^J#^: 
3, E^J#^: 5, E?US^: 7, Bn*« : 9, Sft 

st: 11, mmm^: 13, m&m^: i s^^ftia 

?ij#-t: l 7o=r-*ywpit< th—i<o=z*yy\z 
iBa-KStiSsKy^^K (k 9 y^ 
K) , 33 ttfEJW* : 3 , E?«#^ : 5 , E?IJ# 
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^ : 7 , EJUS* : 9 , EM## :11s E?0#^ : 1 
3, S^JS-g* : l sifcttiBMS-H- : 1 7<0^^fy VtD 
'>ft < k t-o©x^v vtc 3 - K S *xa * 5 K 

ic^ft < fc 1 7 o %^?sfatt (»* ix < fc 1 7 

0%©BHS) y-"WK, £ktw#£L< 

ttEW##: 3, E?U##: 5, E?»## : 7, E?IJ# 
# : 9 , EJUS* : 11, EW## : 13, EJII## : 

i 5 4fcttEW**: i7oi*vyo*ft<it-o 

oni^yvtcn- K£fta#y^:/^KK'>ft< fct>9 
0%©MHtt (Sbfc#4lXtt*ft< fcfc9 0%<oia 
-tt) y**:^h\ fc*5£fefc#4L<ttE 

: 3, bjii#» 5, ej!I## : 7, e^j## : 

9, EJUS* E?tl## : 1 3, B2ffl## : 1 5 

4fcttE5tt# : 1 7©=*yy© / >ft< fct>— o<£^ 

<D^{Htt (ft*5 $ 6 leff 4' U < tt^ft < i t> 9 5 %©B 

[0 0 6 3] a*#fcjB»-efcaJ:5te, -o^y^ 
E?l*5J:tftixoift#T 5 J l&ff&#£r-og y *< 

^f-KoEWtitfturft^i-a. *&m<otfv+<?? 

y^^K^**ra^"f5©fcfflV^5wt*s-e§5 
ot x Wr^tt^y^^Ko^ftftKfei-SfcfcojBt^ 

fe« £ LTffl^a r. k *t?* a Q #3§93<a# y * ^ 

Sr£rt1-5fc»fc/B^5 r. t s&s-Ct a 0 

[0 0 6 4] mn 

4#(cS!l-9 [E?!*-*: 1] (^r^^V^IC^ *9 ^ 

-KSftarsyft* ^fcti^^n-vo^'r^^ 
K©3i*y ^EJUfcJ: 9 KS*x5T 5 y B«r#r5 
*r^VK«, *Jj;tHBl-9 [EW#* : H 

S!4fcttBi*#©£TT?tf:ft < ^-"CifcaT 
5 y&E^jfc^n-atfy ^7°^ Krfc5. 
[0 0 6 5] r©j:5 4:KffrM: ^y-^^vf^y 
-r)5cbfe*©ttor$/»*fctt*y^^K, « 

L < tt«««r»rirt-* J: 9 ft # y Krt (c 

*4jxrttv^ iB^tftaKy^f-Krtte^s^a 
4*y^^Krtfc-&*iT*5o « 



*#-*-5. *±«t>lc»a-raJ:5fcR»H,ft:ffllB##y 

*t**ta*^wt, ^^^^KSsfcoB^^y^^ 

[0 0 6 6] #$891tf># y K»tf©ft*ttft« 
LtH **Hl-9 [E?IJ##: 1] *JiW12-2 

4 [EM##: 2—i 9] \c^kt^yy^it\t^>h 

nyi, 2, 3, 4, 5, 6 4fcJt7^y^^^f L K 

E?U£#*t"a. *^yKx*yyi, 2. 3, 4 V 
5, 6, 7*fctt8Sr'ttfaKy>c^ v^KEWKJ:9 
3-K*ft5-h»<0*y^^K»^ 4fcttJb»G>-t 
tib©S*SL JEllftffilHIfls BWfr#±t«MBWk 

m^oij^y^^utf Kfcft*tttfc * y * * f 

al-f-KtcJiija-KSixaaKy^f-K-eiv^ 

5, 4, 3, 2*fetti«or$yiici 

5~9 OfiOT ^ /iSJi, 6 5^9^*fcttW^»- 
o*>«), <i>L©, 5, 4, 3, 2 4fcttHB©T5y 

5, 4, 3, 2 4fcttli©7Sy8, -rftt?^j£<n 
6 i"^jftoA»©r ^/R*»?>9 0 7"9^J|od»O 
T^yK, »< tt 6 5 ^ 7 ^>o^©7 5 ; 9 0 

•^^ t7»od^7 S / ^©ffiHtcT & act 

a„ 

[0 0 6 7] rOjftCfcBILT, ±9#*L<tt, iffefe 

(iv^-f^ufc±^o©ffi-efea 0 to-fc»t»*u< 

4fc»45ca©ftv^±»o«B-e*>5, C^^^HUX, 
k*)t>ttmb&*\s<}*, ioy-zf^Kco^yxD^r 

[0 0 6 8] #38W©fc0fc»»4L^BrJtt3:, ^^7° 

aot- (i-ftt>^aani«. «d4fc«:»tt) fcu<«* 

-Shy v^r—> 3 i 5 ^-oo^Sco- 

<-ottT 5 y -ott*/u*^v 
^ffiSr^tf) o*a«rl»V^, Hi -9 [BBW#* : 
1] 4fctt#K^n-y©3i^yvtJ:9=i--KSft5 
T§yiBBWS:*i-5*y^5/^K#y^^K, 4fc 
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[0 0 6 9] *fc*jWJ©#*U*fc«tt* *m/V 

y ( rr/u7rHB«j ) , -<-^>- 

h#±tJ^-*^-h#jit«* ( r^-#«gjj ) , 9 
-v*±^-v»riM« ( r^-^^j ) , ^wvu 

mm, tows, ^m^m^xxmsm^mmmm 

[0 0 7 0] 4$££>£r£ U^Wfcfctt* #/v~7 is 

[0071] roAKBBl-sWfffcWSu^r*, ± 
jeoAod'Oflmo ± 5 *»03i»©«Bftfl&(lt«*r< 

KLT, 01-9 HBW##: 1] o^^y^BJitt, 

[0 0 7 2] SfeK#*U^lSW:, #7 1 /vyK©ff 
•*-8#PX*u**K* KINS*!*** 

^hy^xyh ««-e w yy^x-ra^y^v 

«MB1-* P CR^^f^ J; 5 y * 9 K 
[00 7 3] *r<0ffi<DSf £ LV^ y * 9 V**? Ktt, * 



IB^S^XttKttBlTOfe©**)* ; Darnel. J. , 
b* Molecular Cell Biolology, %2W>, W. H. Freeman, 
— a— 3— 9 (1990) ; Watson, J. D. b> Molecular Bio 
logy of the Gene, Benjamin/Cummings Pub.* ^yvs< 
-9, %4 7*/\>~7W( (1987) ) dftbfc 

[0 0 7 4] SfiCTSafclMft-*- Z<0 

lc*»fe*<0>K**:£tr. i tub 

±t^-#-tt£a^fciS*Utv*a (Ozawa T. 6, Eu 
ropean Journal of Iramunogenetics, APR, 22(2)163-16 
9 (1995) ) 0 U^BBM** 5' UTR, 

t r> 4>ttH 1 2 (A) [E?IJ#^ : 2 ] ic^-tWOTfe 

fcBB-£LtV<5 (Car lock, L. b> Human Genetics, APR, 
93(4)457-459 (1994) ) 0 i 0 U^J«y * * U 

t LTHMillerlbs Biotechniques 7 : 980-990 (1989) 

ma 1 2 (A) [E^IJ## : 2] ot&ao 
*«Hr»fPfflKov^»KTJcia«iSixr'v^a (Fais 

st, Steffenjo iU^Meyer, Silke % Nucleic Acids Researc 
h, 20(1)3-26 (1991) ; Smale, Stephen T. , Transcript 
ion : Mechanisms and Regulation, y — y ^ 
X*K63-81X (1994) ) o Ctltb<DUtiL\Z, 0fl;tffl£ 
*BW*KH#*t-SSp 1, Ap l*5J:tFAp 3 ±5ftH 
^F-lC^S^i-a (Faisst.Steffenjo.tt^Meyer.Silke^ Nuc 
leic Acids Research, 20(1)3-26 (1991) ) 0 K^H^ 

wmhftmGiim*. h 2 3 - 2 4 ( s > db^i* 

#: 2] OTiSISr#Lfctr5"efe5o 02 3-2 4 
(S) [ia^i#-^: 2] WPu«yWt ^D7r 

K#2E1- 5 d fc ^IB^ $ tlT V ^ 5 (Zhang, Dong-Er, Nol. 
and Cell. Biol. 14(1)373-381 (1994) ) 0 *|8M«:fc 0 

5PuJl?y^^ (AGGAA) ttfc7*P7r- ? >fe 



-15- 



^y^y (thpi) «cfewc««s*i5. *ftm<om 
-?&6t%7Lt>ti%o thp imm\c^^xnt>ti6R 

»tt, gE^Se^S' UTRtejLtHStbfc (Kahlen.J 
ean-Pierre, r&JctTCarlberg, Carsten* Biochemimal &; 
Biophysical Research Connnuni cat ions, 202(3)1366-13 
72 (1994) ; Darwish, Hisham&iU^eLuca, Hector, Cri 
tical Reviews in Eukaryotic Gene Expression, 3 
(2): 89-116 (1993) ; Carlberg, Carsteri, Eur.J.Bioch 
em., 231:517-524 (1995) ; Ohyama, Yoshihiko, J. Bio 
LChem. , 269(14) : 10545-10550 (1994) ) e 5 
EJfcK* ( r v D^-7f"-f Y\ ) ifcitttM'^.M' 
*y ( rca^-7^rj )-S«il*0»*ttH2 3- 
2 4 (S) [EW#»: 2] UTRE51lC#. 
ft"*- 6. ^<DJ:5 4*WftttKTte|B<fcStU"CV^a :Kat 
z, Ronald, W. , Subauste, Jose, S. & <fc THoenig, Ronald 
J., J. Biol. Chen- , 270(10) : 5238-5242 (1995) . 01 
2 (A) *5«fcl«8 2-3-2'4 (S) HB5»* : 2] tC 
*H"5' UTRga^fiR£-t-S^O#,ro/>— Mil 

zv-> y n^/usj^^^x^^T^/^yy^—yi- 

>f FWJJbS (#I*:tfJuge~Aub-ry, Christiana fe % j.Bio 
LChem., 270(30) : 18117-18122 (1995) . ^n^e 

[00 7 5] SbiiffSU^S^^U'*? m(Hl 
Ofcitfl i)jC33rrEJ0©ATGIU36=« Kf<o±#49 
^S»t^tt-f5^^5'7 D f--r h (cap site) T?&£ 0 

(El 2 (A) *5J:tfB2 3-2 4 (S) 
DE5BW: 2] ) -CfeSo atiW^^n^-^-ffl^ 
EWfcOV^TttlEitSjh/TV^S (Corden.J. b, Scienc 
e, 209:1406-1414 (1990) ) . Hi 2 (A) [£?U# 
#: 2] *5«fct*BI2 3-2 4 (S) [ga^J#-?- : 2] tc 

Kltt, UHSa K^ATG«)±*1 9-2 7iKS#OA- 

««o»««»tt*ft fc §aa ur ^ s ^ t s tit v> 

£(Peltoketo,H. b, Genomics, 23 (1) : 250-252 (199 
4) >. 

[0 0 7 6] %T7i/yK<DZ' ^filRWtttt, *»K 



cjffsu^y^^U'^K-eabO, intern 

(Q) : 1 8 ] fcSrfaK y * $ Y\ » 

(C0 2 2 (R) HBJH## : 1 9] fc«1-il«j»J»4 U 
v\ 3' UTRKi«5rtS^9EJI»«Aj:BK)l#fc« 

(Saito, A. b<> Journal of the American Society of N 
ephrology, 4(9) : 1649-1653 (1994) ; Payne, SJ. b , Hu 
man Molecular Genetics, 3 (2): 390 (1994) ) 0 M 2 2 

(Q) : 1 8] fcS**"#y T^/HUM* 

tt, £fc$r$LV^3' UTRGDtfy*^ f^KEJIK? 

9 y*<? KAATAAA<^-O(03 tT— SrS^i - 

RN A 3 ' 5B^*t«^afc»(Cffl^5rttf-t?t 
S («itfGil,A. fe. Nature, 312:473-474 (n^K 
V) (1984) ) . 

[0 0 7 7] #*WOtOfl6«)i: 5*3ft#*U^5^ 

^^ttjftft Hox77't *ffltin? hZtiK r 

"CfoS (Mount, Stephen, M. , Department of MolecularBi 
ophysics and Biochemistry, — /V^C^, 

?ft~;\'ir~?**f4 7,y > ^=L—^ s y, ^^io y Y 
ffl, #B* IRL^^J^fyK, n^K^459-472 
W (1981) ) o ^^5^^»^©3paSItt»*fcBBiti- 

y * & u^f- KttH 2 5 ic^-To 
[0078] ^Xhn ^«:31fi3«a*5 itfrtimRN 
A©#j*teMRftMlffc£tf. 

±^-*-tt*a»cBB3!1-a^i*SiS4*i"CV^5 (Pe 
ral, G, b* Human Molecular Genetics, APR4(4):569 
-574 (1995) ; Chrysogelos, S. A. , Nucleic Acids Rese 
arch, 21(24): 5736-5741 (1993) ;Ameis,D. , Journal 
of Lipid Research, 36(2) :241-250 (1995) ) . X^y 
^^S^t>*fc«IAltlBit1-8rt*s*4ix-C^5 (Am 
eis, D. b. Journal of Lipid Research, 36(2): 241-25 
0 (1995^2^) ; Petrini, JHJ, bx Journal of Immunol 
ogy, 152(1): 176-183 (1994) ; Kleiman, FE b x Human G 
enetics, 94(3) :279-282 (1994) ) „ *1tW(C*'?y<< 

isyy#&v&mmox77j x&&m\^*itmmz 

li^t•f^-i*?^$t^"CV^5 (Arakawa,H. b* Human Mo 
lecular Genetics3 (4) : 565-568 (1994) ;Tieu,PTb, H 
uman Mutation, 3(3):333-336 (1994) ; Reale,MAb, C 
ancer Research, 54(16) : 4493-4501 (1994) ) . -f V h 

i/yK^yYvyb OtetfHl 3-2 1 (C, E, G, 
I, K, M*5j:t^O) [&?IJ#-i§- : 4 % 6, 8, 10, 
14*5<fctfl6] \C7fi+mffltt1'&jjT'?i' % sK'{Zs 
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SiSett##ftt, *AfcB*Lfc:»J;tf/*fctt£A© 
i^S 8. 

[0 0 7 9] tOfliOff* LV^MtlM^^yK^y 

SS^gt/agBJ*;:— St4v\ r^yhoy/x^ 
yy»JM*P 1 ? n-yjsioy; adn ao 
yi/y^fci^EWSfufco GC/AG*^?>f*»£ 

tt-#tt?r±*i/^ &TKf2«£;ft/c^8 ;Mount,st 

ephen,M. , Department of Molecular Biophysics and B 
iochemistry, ^— A^fc** 

T^*y, ^a-^y, a*W^i *H, IR 
L^J5fyK ny KV459-472M (1981) 0 * 

DbH-Hl 3-2 1 (B, D, F, H, J, L, N*3J: 
U*P) [«-*EM#»:.3, 5, 7 S 9, 11, 13, 

1 5*5*1*1 7] fc»+Bnt:=(lr*-8rixfe03:*yy 
-CfeSo a+yy©*^ttii«5>*^«>«l*o^ t -* 
-tLTJI#-Ct5o 4 6l!:#HlPl#l2:iaft1-S*eW 

y 5SS!*SS**r*-f fcft lc« v^5 r fc # 

-?§8, 

[0 0 8 0] *#w©#9**y#^Kw;m, #^7" 

i/yKJte^ fiM8a*rB*f6 J #^ A (ribozyme) 

Sr^a©fcffiv^art*st?*a. yaw 

OHKtt«Wffitta*ff-TfJII»"Cfc5 (Stram,Y.*5j;tf 
Molad,T., Virus Genes, 9(2): 155-159 (1995) ) . 3 

XffiU ^y#1^Attll**Sfc»fc, ^atwSffl 

^^yKae-^^^^tufcSUWS^^^ffite^K^J, 
i Obits' *:/7^*&-g^*5j;tf 3' 

#HMRM& t 0 b*t# y 7^~/Wb««fc*ttttfc# 

y^y^f-K^fr, 

[008 1] t 9 btt*Si^li«^^tt 

8««, ^o^^SiWy hnytt, £A£9b 

rtt«A«r*.«#a«!e, *j:r««*.»f^*y 
K^ttHttfi, #jB»*5J:t;#-f y^^y ht*£Ttir? 

n S/—- tf* (protheses) fc 9 btttffK y:/7 
-?£8, 

[0082] g^iwift, 3sa. 

*»W©#y**y*^Kfc£tf-<** 

x 8*%^ ©# y kg>b£k t> bm- 



8o fir^MBitt. ae**tti/c % #y**w^K* 

8„ ^5f&A, F?^7x^5/ S y, h 

yy^^>>a y*sJ:WBJMB#l«>JBfti«)a86*rffiv^ 
t\ *9>c^u*^K«:fi*ilWafc«A"eft5. #y* 

»A, IB^«X*fcHt*SIWO#» * * y^ Kfcllte 

5?^y*f-K3-Ki*t, #»w©#y**ya-^K 

Sr1&*«BJiaich5y^7a:^ rco^ #y 

[oo83] # y * * y*?- Kttfcsiwsfc 

jartSftftofcftoaaW-*-***-*-*^* 

«*-£*?§8« ^#-^tt±a©a*fcj:o, 

0Slci£A-C£8 9 Httttfc, K^#*-Httt3R 

«;ltfyyft#^y*AttJRtK **:H:W«lB*i©* 

^tpDNAt Lr^A-f5o *5 5?^yd-^K«r1&* 

a* iMA'* >fytf hp-c^y^- 

yy^Sfctt^y^-^y^fw^ /<?tr- 

[0 0 8 4] **w©roawc:!|iDfc-<^^-tt, « 

-#4fcttl**RNA*ftttDNA!?-f^ 
JfftKttDNAtU, DNA*3iORNA 
^8 0 ^^^-^77-^*3itJ J !>^/v^-<^^---efe 

xi.w a#©»fr©5r-f/u^o«i?itta#*^»iiasr 

^±ft1-8#^lco^Sr8 Q ^Tt»4LV^^^- 

y^^Sr^mi-8^^^--efe8 0 -^ic. ceo J: 5 
ft^<^#-tt, »aS*8#9 5C^y*?-Klc«IB«lt 

a®uyt^±^^it85&m^a*^fpffi®J»^sr 

8, ^fefb^#-KiJ:9ttl6*ft8, 
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[0 0 8 5] r0^fclBi-Sfc6tt«-Ctt, 

[0 0 8 6] #ttfc#<OM«0^*-J&S, #»BB<0 

lot, Jfefifo ^try-A*3J:tf^-V^** 

SV4 0, !7^ W^-fA^ 77^^, SSS£ 
K*5J:V7r-^5 K (phagemids) «E*SfcO, ±X* 

[0087] n*p^)S3j:tf0*ttfta*oe*©atiffc 

iO, »SftDNAeM*^*-fc#A^#S. -« 
AemsJ:l8RS^*-&ffl«U T4DNA9#- 
05DNAEJiJS:»a-<^*-tej|S-&i-5. ^Og^COfc 

m LfcSambrookfj, IC^^^lClSftS^tV^ao 

[0088] ^s^^-^dnaemhu (« 

SO) ^fldffl&lk WitfmRNAte^fcfcScfS;/ 



:*di§gg (E.coli) lac, trpfeitftac^n 

sv4 0«M*3J;tJ 6 «»l^ , o*-^-ltwt 
h n L TR^P^#-»»fc5. #38 W 

[0 0 8 9] «a««Hfea69Htti3J:cWT 

»tt«r^*, C*S*LfcWCH:WR©fc»«>y*y- 

S»ctt«-5«H6*J:t«»T= KV-CfflRBIteAUGfc 

[0 0 9 0] #**3J:t«8a<ofc«>^^ 

#-*-^f3/>\ *j±vrVtfi/y vfflW3ie?«# 
[0091] *n*MM^0S3feDNAE?il*ft*1- 

(Salmonella typhi muriuin) ; MMM^Mx.\i 
; SAJlBSa^Jxtf KdV7^7S2 (Drosophi 
la S2) feiV^aKKT'^^ S f 9 (Spodoptera Sf9) 
iBOflS ; i)ifeiHBSS08^fiCHO, COS*Jj;Ut#!7X (Bo 
ws) SfeEM ; afet?lr^M^^fo5o &mz£® 

[0 0 9 2] Stic, *»Wf44fc±54©E5!*l4fc 

5 K«t»***i,6. iOBJdttjE*fctta»El«l|-CifA-C 
MfeKtl, 5 &K*0BHKaffittKigftU*:flll«PERI 
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[0 0 9 3] mjE*ixr^8aT©^#-*:*tt«lt 

Ktt, *ry^±0A*RrtB4pQE7 0, p QE 6 0 
*3j;U:pQE-9 ; * h y y 9 A^TiBfcp 
BS^^-^ 7r^*^^y^F (Phagescript) 

, -7A^-*#V?h (Bluescript) +<9 9*- , p 
NH8A, pNH16a, pNHl 8A*itfpNH4 
6 A ; SfetMc^r/WS/T J: 0A^rffifcp t c 9 9 
a, pKK2 2 3-3, pKK2 3 3-3, pDR54 
0 S pRIT5«#fc5. KttttJft^*— C#*U^ 

O, pSV2CAT, pOG44, p X T 1 S3 ±tfp S 
G ;ifeWC7rA^^TJ:9A*pri83ipSVK3, p 
BPV, pMSGjSitfp S VL*#fc5. ^Jlb©^ 

* K*fctt#!> K«r«jfctf*A, # 

[0 0 9 4] #HW8tt% HWfc*: 

3-;urtf;l'h7^7x7-f ( TCATJ ) te^ 
asyht, ffilMte^fc^iSigi^n^-^- (candid 
ate promoter) SffrttbtT'o^-^-^^^i 

a ta^©J^©«R^^D*#-*(rif^4r^ 
**-fc*Ai-5fc, *!ptt4CAT*JEfc'j:5*ia-C 
*5CATfiftt©K^tgi*lBii-. C^g^tcigLfc 

rOJ:5*^^-ttpKK2 3 2-8*3«J:tf pCM7 
-Cfo5 0 Z<D*5K.*&motf\)X9i'* 1 ?Y<03mo 

So 

[0 0 9 5] **Woff* U^lBtKtt, T'n^-i: 



ae«i*.tf y i/^tejra^rffi*i i icattLfc*^:/ 
to|o»*u^^-ii, «:# 

[0 0 9 6] **Wte!pDfc#y K*5±tK* 
—fctt, a c I*5j;tM a c Z^n^- 

Tasm?^*-^-, gpt^n^-, 9 

A^PR, PLT'D^-im^t r p/n^- 

y^rt-fyn^-^-, *«M3J;V«fflSV4 0^a 
^—^^ UhP^WLTR©^^^-, «*. 
t£y#xtom#'(A'X ( Trsvj ) or/n-^-^-afc 

#fca*ttfcfl^&*ust>©^*8. 

[0 0 9 7] «Htt*fcJ^©*«*ft£#-*-5*£ 

V YyVX7x.#i/a >\ D EAE-7 

^h7^h7^7x^^ 3 y, a^fr^lMtB 

^h7^7x^i/ 3 y, ttftfttt* ^SC#A, 

tttt#<©»»»4SI»^=i 3 .T^ 0«X.tlDavisb, B 
asic Methods in Molecular Biology, (1986) I^IS^ 

[0 0 9 8] «^rt©IH»»tta»0**"C«V^-C, CL 

*a.e?ik i 9 =«- k s^aae^aftftK^+s - & 

aR*H:*38880DNA*«*tS*+5RNASrfflV^ 
a e Jl^ftitfJWIBfifi^ottfflteaSft^o-^ 

V^j3J:t«»a^^— tt, Sambrooke)^ Molecular CI 
oning :A Laboratory Manual, JfS~$IU s — A^Y^^ 
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^,n_/<_, -3.-3-^,1+1 (i 98 g) ictfM&tiX^ 
5. 

[0099] -$m\c, smntmt^m^ *-\m 

SHU T*o«B!BEW«>C**rilK*1"***fc»9l'fc 

3fc©7* p :? -*3 i t^< * 9 -lOSB 
©iWIS&^rf-S'** * -0>iW»fcTOfc+$»M-*— 
*— <Cif«rfrtf. #a»-e>bjg13Jfc7 , n*—*-»;:|4, ^ 

-h=*-7— £ ( rpGKj ) a-B-T\ t*^7r^- 

WforvM'y >«t(iatS3-i8J:t;tf-/i«»»«>t 

r p lSSfi^^&S. iWWWM&lc J: **»«©* 

-eta. iV/N^t-IJ, -£;ibti//yf±iftUSSK::J3tt 
ilftifol 0-30 Oi£g# (bp) ODNACO^^fflg 

^t?*5 0 ^•y^-y^—nmt LTfi, l o o~2 7 0 

*gs*f-croig®i®jis(w^ffittiifte-rs s v 4 o 3i >vn 

[0 10 0] *BWW^P'<7'^Kco«S©#jgE5!ISr 
y-Ag^Wfi:© 5 ' rare icfrfe-fa J: 5 U:<fcgftJ£ 

•r s. y tkv- A^ssttti^m-f ^# * y k© 

iiSAUGf*&*5^— 7Vy — ^?7l/-A 

ttflfcfcfc<, y#y-Aj££a50r*5.fci«§ttAUG©isj 

[0 10 1] mR*:"****, /MhttAB, *<y 7*7 

a*T#5. «#l*#y^7*^Kfc#LTrt@tt-?«fc<x 

tt*5j:tm«Jtt«rafcgt5. *©fg«tt# y 

*y^f'KoftiwsjftiWoiH!:i»*'cta. 



SHft&iltig-U SMMSMWU *JiVfflS!Sr$a 
flJ"Cfo3„ 

[0 10 2] ^K^JpCfcJKy^^^f-K^J:^ 

(Escherichia coli) , (Bacill 
us subtilis) dSi^^S^^^M (Salmonella typh 
imurium) ^^fe5 0 ->a-K*^JH, ^M'T'hS 

^?g±-C&5. Sfefc, #<©•&©«!©££ %m%\z 
:?*-pBR3 2 2 (ATCC3 7 0 1 7) «03S€WS 

j:umottKirafffcP*s#« £;iifciww-st>©-e 

I4fcv> 0 r©± 5 *rfrflg£)h/a^S-<:i' fll*. 

lipKK2 233 (7rvW5/77 7'( , ^S^, 
<77"f-7. fy) *5.fclKGEMl (/P^^ 

'ftfyi', tfjVy. V^xa^i/yW. *@) 

^&5 0 r^e>© P BR3 22 rfl-fej gBa-fcKgnsfcy 
[0103] as&ffi^ojmaM!£tmftaiin 

[0 10 4] V4r©qnUbttMtt3Rt>n*KIB3UCAV^ 

$S8l^iS0jacOS-7 7'r^-i 5 fe9, Gluzman?), Cel 
1, 23:175 (1981) KtSMZ *VCl^3. fa&irZ^tf 
Z : t<Oi&<0 J k*7'( Vtrtt, {Bi^.BCl 2 
7, 3T3, CHO, HeLa, t hff 2 9 3 *5 it^B 

2b 9 > «ft:IKIUc£««, ffit©j8S«y*y— A|tA« 

^SMt, |i9llJhE7ll«J:V5' 7?v^y^^?i3 
?ijfciffcfc.5. C©^ia-f'5»*Uv^l6lJ:*5V^. 
SV4 0^7*7^ ^IfPttte^VS V4 0 jKy Tf*=./Wb 
fflHS:S3K©DNAE?iJhiC^e>©S!©S^l5?itCS 

[0 10 5] *7 1 7 , f>'KJKy^7 , ^Ktt55KT>'*- 

w-h #77 4— * *^*t/Pn- ^^n 
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— , ^sitt^o-^ — % t Kn^fT^**^ h 

t«»ll-C*S. *fcff*L<H:, SSS£8t#*n-7 |.$r? 

7^- ( thplcj ) srf&jaicffl^a. *3^*-k 

[0106] #36H<BjK y -"S^?- Kfctt, 
t a a. 

[0 10 7] *38l%g>#T§; UMBHtogft&BB 

y *-*9hmm«, mmsuML mftin&z&W'f y 

7"7S h&k&iirT' v is— V* (protheses) £ Dibit 

[0 10 8] <py»ut»Pit 

111-5. «il^±I^BI41-5*7 l >'WK<DS?^SS 

(Hate. j3±twd», &mmm. *.wzit<o7 

5. 

[0109] t h *^^V^3Se^-«355««»Sra5 t> 

Jfl©^ttS#ro*ffllfi0i;tliJii«, R» lif»fetfe 
*J:traj*^*U 9 $*::£#-?# 6. J ADNAft 
«aS»K*ffl-J-*OK«ffl-C*5*». Sfctt4Mr©ttE 
PCRSrffiv>5r £Cfc9BI*KjU:J8(B-C# 5 (Saiki 



fe. Nature, 324:163-166 (1986) ) . 74>f—\ UaV 
JS^ffifcifcltfifcffl^a 3 (Vollach.V. 
&. Nud. Acids Res., 22:2507 (1994) ) . RNASfc 

ttcDNAfcSfcia&iMfe-cffl^siias-ets. $£' 

#«fctf#tflcfflv>3;:£;4S-T?#a. *«*J:tf 
#A^»OJte*filz:Jt|lE LTJi<f wmc»±f< £ ©£ 
flsfciOftffl-CtS. A£ft£AHt, ««fDNA&;£fclt 

{b*7 l 7''»'KT>'^"fe>'^DNAga5Bfc^'f ^5 ^-f 

RNT— flIWIslcJ: 5 . *fcttWHUE»SIU:J:!>. 5 

[0 110] #RQte?j3i:tneMtKAfr4ri-S*e7- 

©SBJ9©i£v*tti£fc» jffl8«)4DNA-/- t^-yisvy 
|Cj:9*-*-£ £*>"?# S. Sfefc, ^n-WbDNASB 
^tt#AKlDNA88^S:tfeffi-t-5fc*©7 , o-7'£ UT 
fflv>Si£*5-e#a. i©J;5ifc*»©«*M:PCRSr 

#Hffc*Ji**Sc:i:j»»-Ctfi. 0l*.tt\ i/-^avs/ 
y?7"7J T-fi=4zmP C RMfcSfcttttKP C Rt 

[oiii] DNAenoSlcS^settraM*. c 

*«xo ^mttoKfls«rtttu-r« c t e «t 9 ^t?# 5. 
io^aft-eta. s*asa^©DNA»f>t-tt, Aft6 

D N A WtfoTOfeJ^A^WMMW* fc tt«fP»«JiB 

»ja*tc!!iu.Tm«iattji-c3aii-t-a, ^tt*/vArs 

K^^^a^ h^;W±-eES'J-C#a («A.fiMeyers&, 
Science, 230:1242 (1985) &W) . 

[0112] &&mtmw.-?<»®.m<omktt.-&it. *t 

ttfl:^tt«il93fetJ;o-rt>*-r^t*ST?#a i («*.tfco 

ttonb, Proc. Natl. Acad. Sci.,*B, 85:4397-4401 (19 
85) ) „ i©i5fc, IfSWDNAEJljO^ffifi, W 

iLtflll»*f^S*Wt ( TRFLPJ ).) . SSCPJ5 
.trWy ADNAOtfy^n yf-f V^t J: 

t a. ii^roy^m^ij^^TjiDNA^-^^v^x 
a» 

[0 113] 

#*H©E?Htt*fcSs6#P£fcfc#/8-T?fca. -roi 
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tt) Kg<5 >^!^»4'>LLa»fcl,\ ) * 

*v e> ©K« £ SAC BB*-r 5 ftfi? t B8«# S © Id 

S4*«j©ai»-cfcs. 

[0 114] £0*fcBBi-6#*U^K*v^t, * 

©JSfcJ©8fl?*5 J: i«!M!]RSJvCir*8?-f 7? !> -fc 
fflv>T3g«-Ct5. ftt^VADNASr, ::©IW©fc 
Jt>©JB*n©fi««rJB^-C, ^©Ssfefr^s/trv Steffi 

&oa>©f**T«giS#&g-l?& 5. 
[0 115] Sfefc, gDNA!)»e.»PCR^7'fv- 

©3' *WR««©a^tfa-^-iM»f»*, *S<I8s*& 
JWt-fS, yyADNAlc:fe^Tl£U:©:t*y>'fcJ£ 

5. ijx?>©^?^"r-ttW!:fl*©t 

[0 116] #jffflflSW7*y y KOPCRry^ 
f4, #£©D NA £#£©&£#»£» 9 £T 5 fc©©ffl 
»Mrt(reaba. H-©*!> =r** K7*7l'?- 

^o-yc^-^fc©, {^©/^/I'-effiJSftft; (su 
blocalize) T?t5. *©Slffe#fc?S' V^-fSfc© 
fcl^TtS *©«&©? ybfV^Sefcttx fltJfe©©^ 

y -Kfctt-s w 7* y *v xk J; 5 7*vasij^*5fe5. 

[0 117] #SmSlfe6##«U:*H-3, c DNA^ 
v->0V&H<Oftyfr^<(-7\) ^f-'/HV ( TF I S 

hj ) a, i ap&tcfeftsiEift^sfe^ttesr^-ra 

fcftlCffiffl-Ct 5. r©S»»45 0*»b6 0 0©ftS© 
gDNA-C/Bl^SifctfTSS. n©ft*lcB31-5XSfc 
(CBILTI4, Vermalb, Hunan Chromosomes : A Manualof 
Basic Techniques, -^iVH^^-fV*^ =.a. — 3~-# 
(1988) *r#M*ixfcV\ -AEntjEa&ft&tMfcB 

k-* y trv ^-r* t . jfe£,#±©sa?ij©<8ia^«j*fts 

#»fi«B9 , ->— «MtjE-e#5. £©.1:5 47*-:?- 
(4taj*.tf, i^s-yx*^^^ 7 ■< 



cKusick, Mendelian Inheritance in ManlC Jl,ffi"t" £ t 

jjs-eis. ra-©jfcfei*w«fc , v y tv^sttfcae* 

*3.fctf£Sii:©IS&l4, fttvtfM&fr Cfe3S«3(-iffS6 
Ufc3te-7-©*li»e (coinheritance) ) fc J; 9 H£ 

[0 118] fcfc, cDNA*fcf4-yyADNAE?!»C 
*tfSIHKJWfe«t*J:tJ*»tTvvfcv^i©a 

v^siff©a4©^fiw«tt), ABen^rsskftfw 

ftSCHEflSKftg-Ta gDNAI450~500 ©3fi*JRH 
*€•?•© gDNA"C*>5 5. CMl^^fiS-'yf 

r> . 

[0 119] ay^wKttfe 

#3§9H4*fc>Ky K©jEJ)f:t3 J: #*#»«"<*'©» 
Mft. IMfc»J:l«***©*7 1 7'5'l'K*>' 
/<*Jt©i"</w©tttt©fc*©£f;, &tfflft£<S©&Wr 

IMBltKff fc Jtlk Lfc*?' 7V>'K©i§*J85i£&tB1- 

-f^-X5pi, CNSifog, WW?-*!, ±&'h 
ttfiitS, «Ei&ffiE!», y *?^ttB8fil5J£, £ 

JBttBMIft. «**lttt»c#*v:/7^h:»J:tJ»:/» 
i/-if*<fc 9fe»*WPM'i'7*7>' H ©##«£©#££& 
ffli-5fc©|j:fflv^5ct^-et5. fir^SjferoWftf© 

S^ftffi, ^^li*»^©*7 l 7'WK^>'/^IC© 

^V7*ny h»*f*Jj:tKEL I SAtt^«^&5. CI© 
5*>EL 1 SAAi«*K#*L<fflV^feJ^a. EL IS 

<l4 i E/'^n-^V/6tft:S:TO-t-S 0 S fete^y ^ n- 

d3v ^■c^4W#l7 f- tr^/w^-^^y— If «©^ W5HI4« 
[0 12 0] EL I SA&mM-fZIZMC. W*^* 

©e^©7 y mt^Atttr !? istmT/\>zf 

$ y©i 5 4*»*tt^w<^ftfc-r v**-*- M-6 
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y xH— ^— ^L^^cSr^?:v^^?^5fe^^t^-r 0 fcfegsrg©^* 
^v**-^-- lfttSfcLfcKfSffilftSr&S-l-a. 

[Q121]ft# 

tfy^f-K, *ftfe©»ftff>L'<tt*©lli©ll*fts 

/*n — f/ufitfr-eiv. #35?Htt:*fc:**7\ 
fcitft Mfcfttt, iScfctfF a bSrfrSfcttF a b3S§l 

7^ 7*7 y a«»fcjaifti»«*o* 

fell, £ © J: 5 jMWWs il«f^o«fe»!:««-e* 5. 

#«w©s?ofc*i*-f-s # y Kfcgt LT£ 

# !) ^7*^ KSr»* Kllth tt-e* v>»»Kia: 
lei 9 &a a. £©J:5»cL.-C^.&tufcStfr 

ttRv^y^^Ka^ii^fa. r©;fr8n?jKy 

KotRfrro^Sra- Ki"5Sa?iJ * * t> t> t ©£# 

y Y^mG-r zwwm.£.\m v a - 1 as-et 

a. r©£5ftm»*#y^7'^Kfr#y^7Vf K&lll 
^atfJft*»fel|MBra©fcfc*>^a;:iii*-e§a. 
[0 12 2] */^n— ^/VSc#:©PJ|[©fc*fc» 
ttfc* p-yotW-f J: 0 

«M-6tf*©iHIKrJI^S£i#'C#S. JWfcUC 
14, ^7*y K— vfe (Kohler, G. Jo it^Milstein, 
C, Nature, 256:495-497 (1975) ) , hV*— ^fe, 
t hB-fe/WN^7*y K— 7fe (Kozbortjv Immunology T 
oday, 4:72 (1983) ) *Sj:tffc h*/ * P-T7Hn#& 
I4t5fcftOEBV-/vf^S K— vffi (Colefe* Mo 
noclonal Antibodies and Cancer Therapy, 
^ya-#l/-f^?K, 77-96H (1985) ) ^#fc 
S. -:MPlft*©^©fcfclcB«Sftfc»llf (*S4# 

ma 4946778 ^) n**K©^6fiii# y ^7*7- K 

lf*©lfe©*9LIMfe»:. «jt«**W©*flUIW< 

f- KWfcCKM-* t h<t*WW*©ttfcfc»**-6©te« 

^art^-eta. 



|oi2 3]*ot, tObtfcciSfttftflEH:, 

f 7*'V V K* 1t f 7*f I^VHil § | # 

tt\ ffija^, u», rf-^-r-^, cns# 

(protheses) i 9 fcttWPK V7*7 V h ©#$$©& 

ffifcitf&Bteffl^a^ias-esa. #38^©#y** 
c a Hfti ©as Srffi v Hifi-e t a. 

[0 12 4] ffifcVJ Aff (Clinical Genomics) 
*»^tt*7 1 7'^>'KSe^^M*fcl4*7 l 7"-»' 

fc*ttf*Jtlt*aitlR*rt>WW-S. «W±, *t > t*S' 
y K«fiHF©!fc»*JI * tt* f 1 7*i/ ^ Kite* 3§SU- 
± 9 fit jgd £ft8*fctttft&lcH*1-&MQ*MI 

aSJ^ttt- J: D ^/i— 7 B 5>lfe# a. C© J: 5 fcfltttt 

«lfflra£fcn:«t9Sfefc* r /i^-7*^»t-et5. r©i 

fcamfiffl* ©■fb^tsji-aastt & icrestt w 
a^t^s-eta. *waa»-e8^i-a*fe*3J:tm^ 
*^7*v>'K»€-T-?**sae**jj;v*'7 , -7*vyK» 

fitWHlK*ffl*r«tt«i-5 S t ic J: 9 fb^feSlStt*^ 

/v-7*^»ti-afc»icffl^ari^-eta. Yb^«s*s 

icniB-e*o, *«K©^y^7*f i K*5J:u!^y^^u 
*^K©ffifflcaiffl-et5. mmtmfr 

yXASrg^L, ^^(4*7 1 7 e i/yK*fcH;^:ne)©^ 

AH«*0|»Jifla8j:tWl!lifliOfcftKWt**t6. 

[0 12 5] Hf^'y^K^^nHxm^. 

2(!:3gW©*7 l 7*i>'VK*fctt*7'7*-»' 

t>«#w-6. *7 t 7 , ^^KCiS^'i-a^^^®«iJA.tf 
y/^K^ra- Kta3te^i±s^#t«*p© 

#<©*&, 05x«y^VK^=^^*5J:^FACS^ 

3.77K ^!l*.JiColigan?3, Current Protocols -fV Immu 
nology, 1(2) :®5* (1991) tlBttSturva. 

[0126] WjttfjBS^-^i^ttrroiBreffli^ 
acitds-eta. i©iw©fc*©^yrf f -/Wt;RN 

Att, *7 u 7*^VK«CKlCi-a*fflJ!3a>&fil4U, cDN 
A7-Y 7*7 y-ttw©RNA*>&^U, 7l'7*7y-l4 

y-Mzftm l, 7*-;n4* r- 7*-»- k tes v ^ 
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> 1t\tU? 7is y K \cm&+ 5 Srai)£1- 

[0 12 7] y-zHa^x^VK^fflja^^i-* 

•fzfy-Mttex.xmx? y-= 

hVytx, * *fcfig&## 

^fc^-KraiSfcte^ftJ^©*-©^-^ *5 

y Kn^iattfflWJ^tfy K^i&g-rs^w 

DT^JJ/l'TS K^A-S^lti ( TPAGEJ ) 

fi^&^Si-ScDNA7Wy7y-Sr^^ y-=^^ 

[oi2 8] t=j=* hfe*J:^rv^=f=^ h-^js 
t *7 i, 7*>»'K©tti:^ffl**B4fcttmjti-«fls 

#»««0»*»^lc»*i-***H:, Mb y # * K 



[0129] f&frttT*-* h^wr^^ 

fcJjfc&ftS 2&p« yfe^i?+-^TAICtt, AMP ^ 

[0130] »f^K7^ 
fcttMHWH#fc*fi-S*8. *7*3 p $'S'K«r«*.tftt 

-etc. 

[0 13 1] HtokT-v9*-* Hctt, *3II!0*5 
^^KKIW-U *fcte£9*©IStt*ia**fctt?ll 

WKMBtttrlliB*1* , -tftfcJ: 5 Jtry^i'Kfc 
iM-*»b#psrt-* c t k i 0 *?-7yyK<nttm*®n 

[0 13 2] *roflbc!)^j)4T^^rf=^ ncitrv^- 

DNA*fcttRNA»Cj:5, SfcttHfi^A^fiKlll.t 

S^ftCO^^•r»4 > 0IJ^.|iOkano,J. , Neurochem. 56:560 
(1991) ; Oligodeoxynucleotides as Ant i sense Inhib 
itors of Gene Expression, CRCT'U^, jJ>j/^»7— 
hy. 7Bj/fH (1988) K:fB«;£;tvC^.5. Hfi&^r 
A/J^fi£tOV>TI±0IJ*.tfLeee), Nucleic Acids Researc 
h6:3073 (1979) ; Cooneyib> Science241:456 (198 
8) ; :}3<fctft)ervanb> Science251: 1360 (1991) (CfS& 
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A * y =f * ^ U^-f - Ktt^f V Jtf-Cm RNAIW^S 
^XU mRNAdf 0*f^K*y^f 

TVfty^RNA^fcttDNA^y^-CMU 
[0 13 3] -OT^^hft «Atf*WiBB*© 

CIMHDfc y frv^ttBMME* KSttBMi 

[0 13 4] ftjfttt 
*»Wr**fc±3*<0aK y ^ ^ Kfc L< y ^ 

^y-trn-^K ^ * y — A* J: t*tix 
[0 13 5] h 

tt^y^*5J:U«*y (lift 
[0 13 6] 

t9t>»nm. gp, eft »f*u 



10Jt)fc!)»lOmg/kgHlmg/k gfrgl?& 

So SB*****, aft. <sm 

[0 13 7] jafe^f&gg 

ASfcttRN a© i 5 y * * i'*? 1 K-e«^t»f , 
[oi3 8] sfc#y** u*^K«*.tf*»s*ufcy 

[0 13 9] RMt£ % lllB«r3IK»^Afto^lcJ:9 

u -r ^tf*-e*y^f-K**as* 

5rfc*-C*5. «*.tt*3SW©JKy^^u*^Ktt± 
^tllU *»W03iKy-^^KSr = -K1-SRNA 

[0 14 0] iiEcDUhn^^/u^T 9 ^^^ K^^— 
tt, *p--*X5 ftWS&tttr'fA' 

a^frtH^^^, Bfiik3E^-r^ x ^^-^If/waik 
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TR, S V4 O^n^-, *5j;tft MNT M#n 
S^M* (CMV) T'p^E— ^ — (Millerfc, Biotechn 
iques7: 980-990 (1989) fclMfcSixT^S) ,"*fctt* 

y^7-1?I I l&£TJTA'yT—Ti? t ? % s7n*—9 

-ft £ft&fcR£1-5t>^ttftV^ 

/fwyo^^^ f-^^V*-?— * (TK) ^n^e 

[0 14 1] #»MO*P^^K«r3-K"r5*IHa 

/U* (CMV) ^P^e-^— ; 7 Cr^rtM^-f^ (R 
SV) ^n*-*- ; R»:/a*-*-«jlffMMT:/ 
p^-*-, ^p^^-Y^p^-*- ; y 
^z/p^e-*— ; ta^s yT'a^- ; 7#A I ^ 
p^e— ^— ; t h^yyyyn^-; 

[0 14 2] !/hn[)>f;^y7^^ K^#— tty<y 

n»a/^y*--i^v^»ia«)«ifcL"Cf4, pesoi, 

PA317, Y-2, Y-AM, PA12, T-19- 
14X, VT-19-17-H2, YCRE, YCRI 
P, GP + E-86, GP + envAml 24o<tt^DAN 
(Miller, A., Human Gene Therapyl:5-14 (1 

990) Kie«S;h/r^5) m&bz&s ztib\c«a&t 
5 4**t», b^&Sk y^y-^o^, *j:tKc 



a POjfcRft 5*><D"CI* 

[0 14 3] 14t;V7^ Vl^tt^ h n 
*<9 ^-tt-T-ttftV^-C-f y ^ h p £fcB>f V tf#<0 if*, 

[0 14 4] 

[0 14 5] ^roStaHfltt, «lc#»cBfM-5t)© 

A% 0(l;fctf#Wjtt*"C" Sambrook" Sambrook 
£k Molecular Cloning : A Laboratory Manual^ jf£2 

3-/Ph7^!ly^-, xa-3^ffl (1989) 

-To 

[0 14 6] KT^SatflltiartaBff^oih^ 

OV^-C,-ffilCE*tftV^*&, Sambrook*5j:T/^<0? ; e 
WffiO#%3:iRW*.fiGoeddelfe % Nucleic Acids Res. 
8:4057 (1980) \£WM£tlZ>, i.Xftf 9 T & V A* 

7S K^«*«» (" PAGE" ) 4>flBP&&frjflV* 

A0.5/igfcfc!)jKll 0*ttOT4DNAy#^ 

[0 14 7] mmi 

skTvxmcmcx, %m®wms 50196 g^-icn 
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cDNA&, gDNA7^y7!)- (^ n 
gt5^^y> (7xafyyo6) o:/?^— SrBifi 

3 7 3) T^n-;y£E^Jft£Lrt: 0 -f^XtDft&jy 

^E?!lSr^lS-rSfcfelcPCR«:ffifflL,^ (H*#J2# 
JH) o Pl^n-VOS' 5t£*«)EJ0fc**+«^5>f 

r*a— * (walk) j U ^n-^fcfiofcEWSM&S: 

-rsfc»ic4MH-a r fc So p 1 ^ d-^(d^s 

fi, ^ffiflll (d) K*+«fc«fcLfc. " 

DNAE^JSrWLfcc «3ETaq#y>?-* (PC 
R#A^-* % x^v^m/w— ) SrJflvvtStfPCRfc 
SlSUfco C^BttWMfctt:* 5' RACE*yh (¥7 

3brl) #±xfi%zfrbmi&i$titz7* v^-frbm 

(✓M*:/*f-h\ RPATytT^-^) *rfflV^rt>flWB 
Lfco HJS0J1 (a) - (d) t±#7-'??/>K<D** — 

[0148] (a) /fyfpy-xdryyS^DN 
AS^-^aiW^ 

3:^y^l*>b2©PCRteRf|-S*l»a7 p 7-f^— © 
5* UTREJUSrftSei-SB' RACE (^BR 

VlttATG<OttfcBHirt-S«)t?, PCRrtpTtBftcD 

NAEWfc*^T*afcttja^s r fc*-e*4v^ *f 

vha ymt h^y ADNA (^yf^) *CPC 
RlCfcOJgfflU PCRI I^^H^P^kU 

gum 1 £B*£*u& * 5 fcEwtfcjfc 

yhpy2iit b^y adna-c, =^y^2**6>3i 
*yv3fcRttbfc:/?^-a>&* PCRtci-OWfi 
Lfco PCR»*B«*flc«r«V)T?>^yft*J:t«a 



>fyhPV3 

*yv4tettlfLfc^?-f^-*»fe, PCRlcJ:0HI5t 
Lfc 0 PCRfittWcKJWfeftffiV^^o-WbftitWB 

^fyhp^4 

^vhn^4r±t hyyADNAt?, 3i*y^4*»6>3i 

Lfc. PCRa4fctt«WfcSr«v^^n-y{b»J:tHE 

5d»b3tary^7ICRffLft:^?^"r*-d»6, PCRfc 

>fyhpy7 

^yho v7ftt y>fj adna-c, x*yy7d>&x 
^y^SteRttLfc^^-J^b* PCR*cJ:9WIS 
Lfc 0 PCRS^rWWfeSrffl^-C^p-^ltfiitSE 
Wft^Ufc. thyyADNA-CPCRlCi^^Lfc 

it^yhpyn pi^o— va (&>T<o (b) # 
K) oia-ol|l«OPCR^J;9?IBL*:. 

[0149] (b) s 9 »*vs 9 tmstw iut 

R) ODNA^^xyi/y^ 

s f #±1*3' *HR®tOT-^Pi^o-y (yy 
A*y7fAX^ya-#u-f -f y K) *>6*lBLfco 
^OPl^n — ^»*8B!lB»-eW:" Pl^n-yA" t 
mfeLlto SKfllfeSrfflV^JBBLfccDNAEyBfc** 
rsae-W***:/?^*-"^ F l^n-vtDiS&tfj 
icffijnj^ * * v^T y :/*$ J: V ? V 5 - t lc J: 
OEWftfibfc. £hb©«««rftfcPCRfcJ:9i$'p 
-yftU «W«feft«v^EJII»«rfcJ;9«BUfc. © 
Lt\ &IETa qaK5y5-<l>A* 
^t^V^-C, PCRfcJ^S' UTRSrSfeKUMiU 
^n-^flsLEM03FW«tt*r#»Lfc. 5* iaitf 
3' UTRr±Sbic»f|lfeSrffiV^, th^y^DNA 
±-ePCR(Ci»9?fe^Lfc 0 
[0 150] (c) mRNA^rty^tt^DNA^ 

-^ai^^jaitf^yvio^S 

mRNA*ty/*Htttt» 5 f RACE^-^xyvy 
^fcS-Sft* Hl»3Kyo|!i4 8ai#i»KWfcft 

WATG (a»3Ky) OjB4 8*Ka6#Jb*fcfcS 

*H : iFEMflMl"CKII4WUrn^L, ^5)^82 3 
-24 (S) [E5»J#»: 2] i.i*oiaa 
<0 5' UTRifrttpCATaa^^^fc^P-yft 
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[0 15 1] (d) PI DNAUffi 

£jffitt#Uto 0x 2 5/rg/ml 

Wfc*K2 Om 1 *-co/N$g$-£fc 0 
O/N«*»16mlft««5 00ml (#"J-^'f$'>' 
2 5Mg/ml) IcStl, 1 0B*IBjj»S*fc. MB 

[:SHt7h 0 *ryvP2»«iOinitlD*., 

IfriP*., B^*«rl5»IB*±"C4WtLfc. K»«:10 

0 0OgT»lBdlBE«BS*fc. ±at»*u y^j- 

NaOAc pH5.2*3mV7'n/V-M.l$i 
SrAP*."CDN AfrttRS*fco 1 0 0 0 0 g "ClB^Bil 

itur, DNASr^uy Mku 7 0%^^y-/^-ea 

I:, DNA2 5 0 m1 065 Om g) *rl. BMiDNa C 

1 * 3 0%PEG6 5 /x UCjn*.*:. 3MNaCl 

h Lfco l*»*rl 2 0 0 0 gtl 0»Bia(ES*fc. ± 
««r*T, ^wy h£2 o o m l 0jK«*«SAPUfc. 

DNAt*l:^OB*^T?ttfflU telHlLlOOOO 
gTl^ramii^tfco *JBSr»*U DNASt4 0m 
1 a OA c p H 5 . 2£J:tf lm 1 <Dzl$ J~ /H* 
ItRS^fc. 1 2 0 0 0 g -e304)-WlElte$^^o 

DNAfe7 0%i^y-/H m 1 tSH^U JMMcfcS 
(K^lUfco Wi^^»lCDNAt2M Na 
OHO. l§f*5j:U«2mMEDTA^iU 3 7t 
-?3 0#ra^*^-<-hLfc o A£4fefr3M NaO 
Ac pH5.2, 0. 1 U ^^V— /^2. 

5S*^«UB£-frfc. £14DNA£8££i2k* 1 m g//* 

K 6MgAl©**"WIHiBU TaqFSfcS^ 
5#*OV-^3iyi/^^SJEK (ABI) "CttflLfc. 
[0 15 2] jBKW2 

mSiPi DNAM^ft^l^j, ^ynst 
fetd. FISH^ff (^A^fA^ya-#l/- 
f^;K) icfflv^fc. 2PCRfl*US^*f:/y * K/<* 

tfV^UfcafirFtSLfc. F I SH£*flCj;0, Sfe& 
ftci^OTytry^jSilFSblci q 2 lfc^yW 
Lfc»e*SrWBLfc. rtttt^^^Sfc L-C*Pfe 

[0153] mmm3 

COSj|BBfcj8frtS3(yy^VyKg>»a 
CATftfe 

cat!) #-*-&£^<a±;fr(w 1 1 o ommtt<Dmfe 

Ca t K^B*-^-t$tt5 p CAT-C a t K 

tt, DEAE-r^ hyy&\c£ ^ocosmm^by 



y*#h Lfco h y y*#i/3 y\t 1 o o mm 
M+COSttfilclfcU SugODNASrfflv^ *tfl8 

CAT^—yy^cfctfS Y4 0 ^o^- ftilfa: 
y/N y f — fc^ftP pCATny^n —A** TtS'J* 
Lfc, Yy^^y^t^vVtOl 2Y%Wfc, 

W-lftOW*OCATlft3efcffi^fc 0 ^h?^*?** 
HCOSlB»T?tt^H*lllS*l**»ofc. pCAT- 
Ca tKtt, *h7^7x^ HBIS^b^y^^9 
yKMfcCfcflL pCAT^—V2X^fc*#»ftCAT 
3S5IGD1. 4-1. 6ffiFOltllD*»Lfc. 

KttllcJ:9Ca tK^n*-#-oflSttfb*JBr5fc# 
y, ^t^v^, *^i/h = >'*SJ;rJ K P4 5 07" 

L^ai#;it&*La. « hn— y^aSttSrWffi-f- 
5fc*Ki, MRUfc***rf?v\ C*tfc*fc»»j**J: 

[0 15 4] IBttflN 

Mk»ilUMFi^K:«t«, /h#K:£*i-5. SB*©** 

1 Oft%&yyx = \cffi-#Z> 0 yy*^%±.ymcm 

U77^3^J|cu ^tttttt&fti&a <«*tf 
10%FBS, ^5 v*5j;tf* h^f^^S 
MfcHam' s F 1 2#«0 . JB18&RVvC3 7^ 
t?«l31|IB-f *r»#ttfrliD 
^ itv^T*B«c**.5. Xtta23M0J**o1fc, 

[0 15 5] iStt*x^»KSraa-**5fB*©*>S* 

f^/j/KgDNAfcJHita. ff*u*j«fctt, »a 

-S:fflv^a 0 
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y^-iiT4DNAy TNFtt*»te ? >r h 

fti^^^^KWfK-O^Sftfta^U T4DNA 

»f5. 1 0%fiF^>iM? (CS) , ^!)y*5itf 
(DMEM) 

[oi5 6] gf»?i**^^Mi-a0^ m^^y 

fSMt^l"*- h (sub-confluent plate) d»b8fe*U i" 

SfcttlWWIfctf?* h#<fctf^£*fc:£A-C£ 5, ffi 
[0157] *£«r±* J; u**«ic»k: 

5, 

[0 15 8] 
[E71*] 

(1) HMMM*: 

(i) ttMA *U*7-f-** KK^, 



(ii) 3BSStf>£!& : 

(iii) E?U^» : 3 2 

(iv) S^&ife : 

(A) 4ft: *S*^9^>" • = -#l"f 

(B) 519* : ^fra-Ky^K- P-K7 0 9» 

(C) »rti* : • • ?fr*/T 

(D) W£ : ^^W^rW 

(e) a« :r*y*^*H 

(F) SHB## : 19406-2799 

(v) = Vtra-*HB»Dpra4#fB: 

(a) mmm'.f s 4x*y h 

(B) 3^^-^: IBMay^A' 

(C) ^l/-f-fy^fA:DOS 

'(D) V7 h£^T : FastS EQ Version 1.5 

(vi) %imWr-9 : 

(A) UK** : 

(B) : 1 9 9 7*£5£ 7 0 

(C) »*: 

(vii) ifccottiKx-* 

(A) amm^r : 6 0/0 1 9, 9 4 2 

(B) ffiSIB : 1 9 9 6^6^ 14 0 
(vii) %<D)mrf-^ 

(A) UUK-g- : 6 0/0 2 0,2 7 3 

(B) ffiPB : 1 9 9 6*F6 Jl 17 0 

(vii) %v>\&Wt-$ 

(A) fflJBS* : 6 0/0 2 6,2 7 3 

(B) fcBJSB : 1 9 9 6^8J3 2 6 0 

(viii) ft«A*G)flr« : 

(A) ft* : 'M', !>-fD7A - x-T 

(B) 1H«: 3 4. 3 4 4 

(C) «aA«fc*5»tS»3l»-8-: ATG5 00 0 6- 
2 

(ix) 7l/=>; a—^— S/a >-CDlf® : 

(A) SIS#^ : 610-270-5219 

(B) fl^77S'^#*: 610-270-509 0 

(C) fl/y^^ : 

[0 159] (2) Wffltt: l^flMB: 

(i) E*l0tt§t : 

(A) E^IJOS^ : 1 3 6 7 4&S*f 

(b) swnmimk 

(C) «4>ft : -*« 

(D) h#as;-:|lf[« 

(ii) : ADNA 

(iii) fiS:4U 

(iv) ryfty^ : 4L 

(v) mxom : 

(vi) fiS: 
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(xi) SffltDtitit : : 1 : 

GCTTTGGCTC CCAAAGGCCT GGGATTACAG GCGTGAACCA CTGCGCCTAG CCTGTTAGCA 60 
GCTCTTAAAA TCCAGAGGCA TAAGCCTGTA TTTTTGAGGG TTTATGCATG GAATCCAGCT 120 
AGAAACTGAG TCTATTACAG ATCCCATTTA TTATCCTTTC TATTCCAAGA AC^CTTTTTT 180 
TCTCCTTCCC CACATCTGTT TATGGAAGAA AATGAAGTTT GGGGTGTGGT TTGAGGAATC 240 
AGCTAGATTC TTATGATCTG TCACATGCTT GGATGTTGGG GAAGCATTTG GAGAAGCTCA 300 
TGTGACTTGT CCTAGATTGG GGATTTTAAT TGAGACAGAT GATGTTTATC GGGCATCCCA 360 
CCACCTGAGA GTTTTAGCAA CAGAGTCACA TGTGAGTCCA TCAGAACTTA CGGCATTGAT 420 
TCAAGTGCTG TCATAAATAA CCAGGACTGC TGTTTTTGGT TACTTTTAAA GACAGTTTCA 480 
TCTGGACTTT CTGGGCATAT CCTCCTTCAG CAAAACCACA TTAGGCTGGG AAAACTATTC 540 
TGCCTGGAAG TAATGACAAC TTGCAACCAA CAAGCTTATA AAAATACAAA GAATTCTGGA 600 
GCCTATGGCT TCCATTACAT TATTCTTTTA TAGCCTTTTA TGTTCATTAC CGCATCCCAG 660 
AGGTGAGAGT CAGACACAAA TATGAAAATA GGTTTCAATG TTGGAGAGGT AAATCCTAAC 720 
AGGAAAGGGG TAGGAAAAGA TATAATCCCC CAATATTAAA ATAAAGATAT TGAAGAAGAA 780 
GGATGGGAGA GACTAGGGCT GTGTCCTTCC TTTTACTCAC CAAAAGAGAA AGTAAGCTCC 840 
TATTTGAGTC AATAGATATT GAGGTCTTGT TATTTGCCAC CAAAGACAGT CTTGTGAGAC 900 
TAAATAGCTA GTAATTCCCT ACCCTGGCAC ACATGCTGCA TACACACAGA AACACTGCAA 960 
ATCCACTGCC TCCTTCCCTC CTCCCTACCC TTCCTTCTCT CAGCATTTCT ATCCCCGCCT 1020 
CCTCCTCTTA CCCAAATTTT CCAGCCGATC ACTGGAGCTG ACTTCCGCAA TCCCGATGGA 1080 
ATAAATCTAG CACCCCTGAT GGTGTGCCCA CACTTTGCTG CCGAAACGAA GCCAGACAAC 1140 
AGATTTCCAT CAGCAGGTAA CGTTTGCAAC TTCCTAGATC TTTTAGCTTT TCATTCCTGT 1200 
CAATTCTCTG AGTATTAGGG ATGTAGTGAC TTGAGGATCA CAATAAACTT TTAGCCTCTG 1260 
CAGATGAAAA CAGAGATGCA CTTCTTAGGT CATTCCCTGG CTAAATAAAA TCTGCCTGGA 1320 
AATCTGTAGA ATTCCTTGTA TGATTTATAT ATATACATAC ATGATTGTTA GTAAAAGCAA 1380 
AGTATATAGG GAATCATTTC CCCATCCTTC AAGAGTGGCC TTTCTGCAGT GTTTTCTACT 1440 
TTGGCCAACA AGGATCAAAA CGGTTAACTC CTTAGTGAGG AGGAGGAGAG TGGTATGGGG 1500 
AGGTAGTAGC TCAGTGCTTC CTGTTCACTG AGACATCTCA AAGCCCTTAA CACTCTAGTT 1560 
. TTTAAATGTC CTACTGGACA TTTTGCCAGT TTGCAAAATT ACATGTAAAT GGACTATAAG 1620 
CAATTGTGTA AGCCATATGT CATGCTGCAG GCTGCAAATT GTTCTTAAAA TGGAGGATTT 1680 
GTAATTAAGA AAGCCAATGC AAGAAATGAG TGAAGCTAAC TAGAGTAAAC TTATGAAAAG 1740 
CTGTGAATTT CATCATCATA GAACATTGCT TTTCAGTCTG AACATTCTTC TAACAAACCT 1800 
TGGATCTGAG GCTTCTTGTC CTTTGCGGCA GCCACAGTGG GTTTTTGTTG TTAGGGGAAA 1860 
ATAAAAAACC TTGCCCGCAG CATCTGGTTA AGATTAGGGC AGTTTCCTGC CTAAGGAGGG 1920 
AAGGGAGAGA AAAAGGAAGA AGAAATGCAT AAGGAGAATG AGGAGATATA CAATGTCTCA 1980 
GAAAACAGGA AACATTGTCC TATTTTCCCT TGTCCTCTTC TGACAAGATC TGGGAAAGTA 2040 
CCAGAATTTA GGCACGAAAG AGAAGAACGC CTCGAAGAAA TGATCAGGAA GCAAAACTTA 2100 
GACGGAAATC TCTCCTTTGT GTATTCTGAA CCCCACTACC ACCTTGCTAT TTGTCTGTCT 2160 
CCAAGCCTGC TAGGGACCCT GGAGGAAACG CACTGAGCCC ATTCTGATTG TCCAGTTTCT 2220 
ATCCCCCATT TCTGGTTGTG TACGTGTGTG TGTGTGTGTG TGTGTGTGTG TGTGTGTGTG 2280 
TGTGTGTGAG AGAGAGAGAG ACAGAGAGAG AAACAGAGAG AGTGTGTGTT GCCTAAATCT 2340 
CCCGAGAGAG AGAGAGAGAG AGAGAGAGAG AGAGAGAGAG AGAAAAGAGA GAAATGGCTA 2400 
AATCCCCCTA GATCAAAGTC CTTGGAACCA GATGTACCAG CATCCTATCT AAACACAGGC 2460 
CCCTCCTGAC TATCATTGTT TTATCACCCT TTTTCCGTCT ACCTTTCTCT TCCTCATAAA 2520 
GCCTAGTTTT CCTCTGTTTC CCTGCCAAAT GGAAGAGTTT TCCCTAACTA CATTCTTCTG 2580 
CAGGATGTGG GGGCTCAAGG TTCTGCTGCT ACCTGTGGTG AGCTTTGCTC TGTACCCTGA 2640 
GGAGATACTG GACACCCACT GGGAGCTATG GAAGAAGACC CACAGGAAGC AATATAACAA 2700 
CAAGGTGCCT GGGGTCCTGG AGGGGGCATG GCAGGAAGGC TGAGACCTGA GCTCTCTCAT 2760 
CTTAGCTTCC AGACTCCCTT CTTCAATCCA AATGCTTTAT TCCAAGCAAA TCAGTCCCTC 2820 
TTCCCTAACT CATGTTAACA TACGGTTTTC ATTCCTATGC TTCAATCATC CTCTTGTCAA 2880 
ACTTGTATTC CTTCCCTTTG GTTTTATAAG TGTGTAACAT TCCTCTTTTG GGAAGAGTCC 2940 
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CAAGATTAAT GCTGTTAATC CATAAGCAAT TTTTCTGTCT CTCCAGAGCT TGTGTGGTTG 3000 
TTTACATATT ATCTCTCTTC TTGCAGGCTC TTAATTCCAT GGTTAGTTCC CCAACTAAAC 3060 
TGTAAACTTT TATGATTGTG AGTTTCCTTT ATTCTCCTAA AACCCTTCAC AATATTACAT 3120 
ATGAACTGTA GACAGTCTAT ACAAGTACTG ACTATGCTTT GTTTAGGTGG ATGAAATCTC 3180 
TCGGCGTTTA ATTTGGGAAA AAAACCTGAA GTATATTTCC ATCCATAACC TTGAGGCTTC 3240 
TCTTGGTGTC CATACATATG AACTGGCTAT GAACCACCTG GGGGACATGG CAAGTATAGC 3300 
TTCAGCTCCT GTCCCACCTG CACCATTTGC TTTAGTTCCC TGCTGATGCC TGGCCTCTTT 3360 
CTTCTTTGTC TTAGACCAGT GAAGAGGTGG TTCAGAAGAT GACTGGACTC AAAGTACCCC 3420 
TGTCTCATTC CCGCAGTAAT GACACCCTTT ATATCCCAGA ATGGGAAGGT AGAGCCCCAG 3480 
ACTCTGTCGA CTATCGAAAG AAAGGATATG TTACTCCTGT CAAAAATCAG GTACTCTCCT 3540 
TTCTTCTGGG TGTGCATATG TAATCTGGCA TGACCTTTTC CTTTTTCTGC TGCTTTGTTC 3600 
TTGAGGTGAA AGGGCACCAG GAAAAGAGGG CAAGGAATTA AGGTACATCT CCCCATTCCC 3660 
ATTCTGTTAT TTAACCTCAT TTGTTTCTGT ACATTTGGGT TGTTTCTGGT TTTTCTTTTT 3720 
CTTTTCCCTT TTTTTTTTTT TTTTTTTTTT GAGATAGAGT CTCACTCTGT CGCCCAGGAT 3780 
GGAGTGCAGT GGTGCAATCT TGGCTCACTG CAACCTACAC CTCCCGGGTT CAAGCGATTC 3840 
TOTGCCTCA GCCTCCTGAG TAGCTGAGAT TACAGGCACG CGCCACTACG CCTGGCTAAT 3900 
TTTTCTATTT TTATAGAGAT GCGTTTTCAC CATGTTGGCC AGGCTGGTCT TGAACTGACC 3960 
TCAGGTGATC CACCTGCCTC AGCCTCCCAA AGTGCTGGGA TTAGAGTCAT GAGCCATCGC 4020 
GGCCTGGTTT TTCTTTATTA CAAATAGTGT TGCAATAAGC ACCCTTGTGC ATATGTTTTT 4080 
GTGCACATGT ACAAATATTT ATGCAAAATA AGTCCTAAAA TTGGAATTGT TAGGTCACAA 4140 
ATAATCCTTT CCCOCCCCCC AMTTTTTTT TTTTTTTTTG AGACAGCGTC TCTGTCACCC 4200 
AGGCTGGAGT CCAGTGGCGC AATCATGGCT CACTGCAGCC TCAACGTCTC AGGCTCAAGT 4260 
GATTCTCCAA CCTCAGCCTC CCTAGTAGCT GGGAATTAGA AGCACATGCC ACCACACCCA 4320 
GCTAATTTTA AAAAATTTTT TGTTAGAGAC AGGGTTTTGC CATGCTACCC AAGCTGGTCT 4380 
CAAATTCCTG GGCTCAAGCA ATCTGCCCGC TTCGGCCTCC CAAAGTGCTA GGATTACAGA 4440 
CATGAGCCAC CATGCCCAGC CCAAAAAAGT TTTTGCAATC TTACATTCTT ACTAGCATGA 4500 
GAATGTCAGT TTTTTCACAA CCCAAACAAC ACAGGATTGT ATCAGCAAGA TAAACAATTG 4560 
ATTTAACGTT CATTTAACAA ACACTTTTTG ACCCCCAGAA CCTACCAGAT GCAGTGTTAG 4620 
GCAGCAGAGA CTCAAGATGA CTAAGACACA ACCTGTGTCC TCAGGAAATC TCAATCTAAA 4680 
AAAATAGAAC AGGAAAGAAA GAAAAATCTA CAATCTAGCT GCACAAACAA TAATAGCTAA 4740 
TACTTTTTGA GATTTTATTG TTTGTCAGGA ACTTCTTAAC TCTTTACATG AGTTTAAATA 4800 
TTTAATCCCT TATAACAATA TTTTATGCAT AGAGAAACTG AGACACAGGC AAATTTAGTA 4860 
ACTTACCCGG GGTCACATAG CTACTGGGTG GCAAAGTCAG GGTTAGCTCC CAGGACAAAT 4920 
GCCTCCACAG CTGGTACTGT GCTCTGCTTT ACTGTAGCTA ATAGTAAAAA TGGTAGCAAA 4980 
AATCAATAGC AGTAGAACAG TGCAACAGAT ATTAAGCGGA AGAGGAAGAC TCACAACAAT 5040 
GACAACATTT GTGCTGAAAT TTTTAAGAAC ACATGGAATT TCCTTCAGCC GGGTAGAGAG 5100 
AAGATATAGA AATGTAAACA CCAAAGATTC ATAGTTTCTC TGTATCCCTT TCAGGGTCAG 5160 
TGTGGTTCCT GTTGGGCTTT TAGCTCTGTG GGTGCCCTGG AGGGCCAACT CAAGAAGAAA 5220 
ACTGGCAAAC TCTTAAATCT GAGTCCCCAG AACCTAGTGG ATTGTGTGTC TGAGAATGAT 5280 
GGCTGTGGAG GGGGCTACAT GACCAATGCC TTCCAATATG TGCAGAAGAA CCGGGGTATT 5340 
GACTCTGAAG ATGCCTACCC ATATGTGGGA CAGGTGAGAT TGCTCCACAC AATTATACAG 5400 
CTCTGTTGGC TCCTCCTTCC CCAGCATGAT GTTTTGTACT GGAAACAATT CCAGAAATAC 5460 
TGTTTTCTGT TATCCTATCC TGCTTTCTTG ATGGAATAAT TTCCCACAGA AGGCCAAGAA 5520 
GATTTCCACA ATCTGGGGGA ATTTAGGGAG CTTAAGCTAC TATAGCTCCT ATTTGCATCT 5580 
CTGCCATGGA GAGAAAACAG AGGCTAGGCT ACCTACCCCA TAGACTTCCG AGCTGGGTTC 5640 
TATAACCCTC TGCTCAATTC CTCACTCCCA CAACAAACCC ACAAACCCAC CATGCTATTT 5700 
TCACAAATTG TGTGGCTTTA TTTTATATGA TCTCAGTGTG AGTTTTCAGA ACATTTCAGC 5760 
AAATTATGTA AGTTTACATG CTAACATCTA TAAAATGAGA GAAAAAACAA GTTGCTTCAT 5820 
ATAAGAGATA AGGGATTAAC TCAGTTCCTC CTGCATGATC CTCTAGTCAT AGGAAGGAAA 5880 
TCATATCTGA AAGGGAGGCA ACCTGAGGGG TTTTTTATAC ACATAGGGCT GGGTCTGATA 5940 
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GACAATATAA TGTAGGGCCT TCACAACAGA AACCTCTGAA ACAGGGACAG CAAGTTTGAG 6000 

AATAAAAATG ATGGCTACTG TGTTCTAAGC CGTGTCCTTA GTGCATTTTT TCTTTTTCTT 6060 

TTTTTCATTT AATCTCATAA CAACTCTGTT AGGTAGACTT ATCTTGAATG TATAGGTGAG 6120 

GAAATGGACA CTTAAGGAGA TAAGACAGTA TAATTCATAC CACTAGTATG TAACAATGTA 6180 

AGATGTATCT ACCAGGGATG TTTATCTTCT GCAAACATTC CTAGGTATAT CTCCCATGCA 6240 

CATGTGCAAG AATTTCTTAC TAGGATATAA TGCCTTGGAA CTGAATTGTC TGGGTCTTAG 6300 

GGTATGTCTG TCTTCAACTT TACTACACAA TGTCAAATTG TTTGCCAAAA TATTTGGAAA 6360 

AATTTATACC TGCAATGTGT AAGAAATCCC CTTCAATCAC CTTTTTATCA GTATGTTTAT 6420 

CTGGCCATTT GCATTTCTTC TTCAGTGAAT TAACTGTTTT TATCTCTTGC TCATTTGTTT 6480 

TTCTTTTTAT TTTTTTGAAA TAGGGTCTTA CTCTGTTGCC CAAGGCTGGA GTGTGGTGAT 6540 

ACAGTCATAG CTCACTGCAG CCTCCACTTC CGGGCTCAAG CAATCCTCTC GCCTCAGCCT 6600 

CCCAAATAGC TAGGATATAG GTGCATGCCA TCATGCCCAC CAATTTCAAA AAACCTTTGA 6660 

AATTTTTTTT TTGTAAAAGC TAGGCATGGT GGCTCATGCC TGTAATCCCA GCACTTTGGG 6720 

AGGCTGAGGT GGGGURCNTN UDAGGATCGC TTGAGCCCAG GAATTGGAGG TCGGCCTGAT 6780 

ACAACATAGC AAGACCTCAT CTCTACAGAA AAAATTTTTA AAAGTAGCCA GGTATGATGG 6840 

CGTGCATAGT TCTAGCTACT CCGGAAGCTG GTTGGGAGGA CAACTTGAGC CTGGGAGTTC 6900 

AAGGCTGCTG TGAACTGTGA TCATGTCACT GCTCTCTAGC CTGGGTGACA GAGTGAGACC 6960 

CTGTCCCCAA AAACAACAAC CGTTTTTTTT GGTAGAGACA TTGTCTCGCT ATGTTGCCAA 7020 

GGCTAGTCTC AAACTCCTGG GCTCAAGCAA TCCTCCCACC TCCCAAAGTG aGGGATTAT 7080 

AGATGTAAGC CACCATGCCT GGCCTACCCT TTTTTTTTTT TTTTGAAATG GAAGTTTTGC 7140 

TTTTGTCACC TAGGCTTGAG TGCAGTGGCG CGATCTTGGC TCACTGCAAC CTCCACCTCC 7200 

TGGATTCAAG CAATTCTCCT GCCTCAGCCT CCTGAATAGC TGGGATTATA GGCACCCGCA 7260 

ACCACGCCCG GCTAGTTTTT GTATTTTTAG TACAGACAGG GTTTCACCAT GTTGGCCAGC 7320 

TGGTCTTGAA CCCCTGACCT CAGGTGGTCC GCCCGCCTCG GCCTCCCAAA ATGCTGGGAT 7380 

TAAAAGTGTG AGCCACCATG CCCCACCCCT TACTCATTTT TAATTGGATT GTTTTTTCTC 7440 

TTTCTTAGCG ATTCTTAAAA GTTTAAAGAG AATATTTGGA TACAATACTA TGTATTTAAA 7500 

AGTTGAGGTC TGTCTTTCCA TTCTTCTCAC GATGTCTTTC AATCTAGAAA AGTTAATTTT 7560 

AATAGGCCTG GCGCGGTGGC TCACGCTTGT AATCCCAGCA CTTTGGGAGG CTGAGATGGG 7620 

TGGATCACAA GGTCAGGAGA TGAAGACCAT CCTGGCTAAC ATGGGTGAAA CCCTGTTTCT 7680 

ACTAAAAATA CAAAAAAATT AGCTGGGCGT GGTGGCAGGT GCCTGTAGTT CCAGCTACTC 7740 

GGGAGGCTGA GGCAGGAGAA TGGCGTGAAC CCGGGAGGTG GAGCTTGCAG TGAGCCGAGA 7800 

TTGCACCACT GCACTCCAGC CTGGGCAACT GAGCAAGACT GCGTTTCAAA AAAAAAAAAA 7860 

GTTAATTTTA ATATAGTAAA ATTAGTAAAA GGATTAATTT TCCCTTTGCA ATTTTTGTAA 7920 

TGTGTTTTAT TCGTTTATGA ATGGAGAAAG GTAAGAAAAA ATAAAATTTA AAAAAGAAGA 7980 

GATGTGGCCA GGTACGGTGG CTCACACCTA TAATCCCAGT AGTTTGGGAG GCTGAGGCAG 8040 

GCAGATCACT TGAGGTCAGG AGTTTGAGAC CAGCTGGGAT AACATGGTGA AACCCCATCT 8100 

CTACTAAAAA TACAAAAATT AGCCAGGTGT GATTGCGCAC GCTTGTAATC CCAGCAGGCT 8160 

GAGGCAGGAG AATTGCTCGA ACTCAGGAGG CAGAGGTTGC AGTGAGCCAA GATCATGCCA 8220 

TTGCACTCCA GCCTGGGTAA CAGAGACTCT GTTTCAAAAA AATAAAAAGA TAAAAAAGGA 8280 

AGAGATCTGA TAGGGCGGCC AGATAAACAT TTTAAAGGGG ATGGTATTAT AAGTTTGTTC 8340 

CCAGCATAAT GCCAGGTTAT TCTGACTTTA AAGTATCATC ACATAATATC TTTTTGAGTC 8400 

AATTTCCAAG ATATTCTGTT TCACTTGTAA TTCTGTGTAA TTTTTGGCAC CAGGAGGCAT 8460 

CAGGGATTTG GAGCACATGG CAGAAACAAA GGCATCTTGA AAAATATCAA GGCAGTAGAC 8520 

CACTGTAATC TTAAAATGGC ATATCAAATG CTGCTATTGC TGTTAATATT TAGATAATGT 8580 

TAGATAATGT ATTTTTTTAG AGGGTATCTC ACTATCTTGC ACAGGCTGGA GTAGAGTGGC 8640 

TATTCACAGC ATGATCACAG TACACTAAAG GCTCAAACTC CTGGGCACAA ACAATCCTCC 8700 

TGCCTCAGCC TGCTGAGTAG TAGATAATAA GTTCTTGTGG ATGCAACCTT AGGGTTCTGA 8760 

AGGGGTAGTC TGTAGGAAAA TGAATTGCTG AAAAGAATAC ACCACCTTAA CATGGGCTAT 8820 

TATTCGATTC CATAATTGTG GCTTGCCAAT GAAACATTGC TAACTACCTG TAAAATATAG 8880 

TGTTGGAAGT CATAGGCTAA ATTGCTAAGT TCTTTAATCT ATTTTAGTGT CTTGTTATGT 8940 
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ACTTTTATAT TTTCTCTTTG ATGAGAGCAC AAGGATCACA CCAGTTCCCC TGATATAGGT 9000 
GCAGAGGGCC CAGGTCTTCC CTCTAGCTAA GCCTTGGCCT TGGCCTCCTA CCCACACAGC 9060 
AGCTGGTGCC TTCCTGCCCC CTGAGGCTAA TACATACTAT GTGGCCAGAA GATGGTTTAT 9120 
GCTTTTTAAA AAAATCTTAT TTCAGAAATC TTTCCCTACT GTTTTCCTCC CACATTTATG 9180 
TCTTAAAACA CCTGTAGGGG ATTTTTTTTT TTTTTTTTTT TTTGAGATGG AGTCTCGCTC 9240 
TCGCCCAGGC TGGAGTGCAA TGGCGCGATG TTGGCTCACT GCAAGGTCTG CCTCCCAGGT 9300 
TCACGCCATT CTCCTGCCTC AGCCTCCCCA GTAGCTGGGA CTACAGGCGC CCGCTACCAC 9360 
GCCTGGCTAA TTTTTTTGCA TTTTTAGTAG AGACAGGGTT TCACTGTTAG CCAGGATGGT 9420 
CTCGATCTCC TGACCTCGTG ATCCACCaC CTCAGCCTCC AAAGTGCTGG GATTAACAGG 9480 
CATGGAGCCC CACCGCACTG GCCTGTATTT GTGAGGAAGA ACAGACCCTC TTTAGAAGCC 9540 
CTAGACTGCT GCCTCTGTTA GTTCACTGGC ATCACTCAAA ATATTGGTTG AGTTTCTTAC 9600 
TCACTGAGTT GGTTTTTATG TGTGGTGGAA GGCGGGAATC CTCTTTTCAT ATTCGTTCTC 9660 
ATTGCCTATT GCTTTGTCCT AGTCCTATTA CAATCTTGTT TCTTCCAGGA AGAGAGTTGT 9720 
ATGTACAACC CAACAGGCAA GGCAGCTAAA TGCAGAGGGT ACAGAGAGAT CCCCGAGGGG 9780 
AATGAGAAAG CCCTGAAGAG GGCAGTGGCC CGAGTGGGAC CTGTCTCTGT GGCCATTGAT 9840 
GCAAGCCTGA CCTCCTTCCA GTTTTACAGC AAAGGTAAGA AGCTGCTGAT CCTATACAGC 9900 
ACTGTCTTTT ATGATACAAA CTTGATGGTT TCTCGAAGGA CCTTGGGTAT TTTCAGTACT 9960 
TAGTTTTTGT ATTCACATGG AGGTGGCCAG AGAGAAATTA ACAACTGCTG CAGTATGGAG 10020 
CAGCATCTCT GTGGTAAACC CTCCTGACAC GGATGGAATT CTTCAAACAG TCTCCTAGAC 10080 
TGGGAGATCC CACAGGGTGA CCCTTGGATT GCATAGAGCC TCACGCTGGT AGTTTGTATT 10140 
CTAGGTGTGT ATTATGATGA AAGCTGCAAT AGCGATAATC TGAACCATGC GGTTTTGGCA 10200 
GTGGGATATG GAATCCAGAA GGGAAACAAG CACTGGATAA TTAAAAACAG GTAATGATGG 10260 
GAACACTACT TTTGTTATTC AGTCACCCTT TTAACACTCA ACCTCACCTC CAGCTTCCCG 10320 
ATATTCCTTT CTCTGTCCCA AATCAAGAAA AAATTATCTC AGAGTTCTCA CTTCTATCTT 10380 
CTCAGTCAGA GGCTCTTAAT TCTCAGTCTG ACACTTAATG GCCAGTGTGT TAGTCCATTT 10440 
TGCATTGCCA CAAAAGAATA CCCGAGACTG GGTAGTTTAT AAAGAAACGA GGTTTGTTTG 10500 
GCTATACAAA GCGTGGCACT AGTATCTGCT CAGCCTCTGA TGAGGCCTCA GAGCTTTTAC 10560 
TCATGGCAGA AGGCAAAAGA GGGAGCAGGC ATGTCACATA GTGAGAGAGG GAGCAAGAGA 10620 
GAGAGGGAGG TGCCGACTCT TTAAAGAACC AGCTCTTGCA TGAACTAATA GAGTGAGAAC 10680 
TCACTCATCA CCAAGGCGAT GGCAOCAAGC CATTCCATGA GGAATCCACT CTCATAACCC 10740 
AAACACCTCC CACTATGCCC CACCTCCCAC ATTGGGGATC ACATTTCAGC ATGAGACTGG 10800 
GAGGGGACAC ACATCCAAAC CATATCCGCC AGACAATAGT GCTCAATTAT GTGCTGGGCA 10860 
GATGCTCCCT GTGTGCAAGG TGCTTAGTGA CATACATAAA CCAACGAGCA GATGACACCT 10920 
TCAGTGAGCT CAGAGCCCAA TAAGACAGAC CTAACTAACC ATGAGATAAA GCAGTACAAA 10980 
GAACCAGCAG GAGCTTTGGA ATTACGTATT TTTACTTTCT TTTGTCTCTA ATGTGATCAG 11040 
ITrCTTAGAT (&TTTCCATT AGCAATCTGT CTTTAACAGT AGGGGAGCAG CGTTAAAGGT 11100 
TTAATATTCC TTTTGAACAG TTTTTTTCCT TCAAAATACA CTTAAGATAC ACGTATATAA 11160 
GAACTTGCCA AAGATTGTGA AGAGAAACAT TTTTTAGAAA TAAGATATAA ACAAAAAAAG 11220 
TTAGTGTTAC TTTCCTATGT TGGGGAACAA AGAAAACTCC AGGGTACCTT GCTTCCCATT 11280 
TCTCTTTAGC ACCTTGTGAC TTTTGGGGAG GGGCAGATTG ATAACAATTA TAGTTTTCCT 11340 
TTCCTGGCTG ATCACCATTA ACCTGGCAGC AGCACTGGCT AAATCTCCTG TCCTTAGTGC 11400 
CCTCCAAGGA GCAGGAGCCC TAGACTCTGG GTCGCTGACA GACTCACGCA GTGGTGTTGT 11460 
TCAAACCTGA AGCAACTTTT TATATCACAG TTCCAACTCA AGGTGAACCT GAGCATCTTC 11520 
CCAAGTCTCC CACAGCTTCT GTCCTGTGTT GTCCCTTCTC TTGACTCCCA GGTCCAAGCA 11580 
CTTACCCTGT TCTTTCATGA TCAGGTACCA TGTGTGGAGA TAGCTTCCAA GAGAGCTGGG 11640 
AGGAAGAAAG GACACACCCG GGCAGGATCA GGAACACTGG GGGCCCCTGG AGAAGGGGAG 11700 
AGTGGGGGAG GGTACAGGTT TTAAATAAAA TGTGTTGGTA ATTAGAGAAT TGCTGGTTGG 11760 
GGAAAGAGGT CTGAAAACAA TTCAGGAAGA TAAACAAGAC AATCTCTCCT CTCTCCTCTT 11820 
TCTCACGTCG TCTCTCTTGT CTTCTAGTCT CGCTACTCAT TTCCTTAGTA ATCTCATCCA 11880 
CTCTCATAGT TTCATCCATC TCTCCTATGG GGTTTACCCC CAAATCAAGA TCACCAGCTT 11940 
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CAGCCTCCTT CTTATGCTCT AAACTCACAT TTTCAAGATT AATATTCCCC AAATACAGCT 12000 
CTGATCATAT CACTCTCCCA CTCAAAATCC CTCACTGGCT CCTCACGATG ATGGGTCACA 12060 
GAGTAAAGGT GAAGCTTTTT AACCTTGCAG TAAAGGTAAT TCAACCTGAT CTCAATCTGC 12120 
CTTTCCAGAC ATCTCTCCCA CTACACCCTG TTAGGCACAC TGCTTTTCAG CTACATGATC 12180 
CTAACAGTGC CCCACACTTT CCTGCCTCTG TTGTTCATTT CACACCCTTC CACTGGCATC 12240 
CCCTTCCCAC AGGTCGAAAT TCTACTTAGC CTTTTGGCTC AGCTCAAATG CCACCTCTTA 12300 
CATCAAGCCT CTAAGATTCT CTTGATCAGA AGGAATCTTT CCCTCCTTTG ATACCTACAG 12360 
TATTATGCCT TCTCCCTATT TCTTGACTTT AAACTCTTTA AAGTTAAAAA ACATCATATT 12420 
CAfTTTTGTG TACCATCAGT ACCTCGCACA ATACTCAGTA AATATTTTAA TGAATAAATA 12480 
AACTGAGAGT ACTAAGTATT TTTCTTGATT GGTCTTACAG CTGGGGAGAA AACTGGGGAA 12540 
ACAAAGGATA TATCCTCATG GCTCGAAATA AGAACAACGC CTGTGGCATT GCCAACCTGG 12600 
CCAGCTTCCC CAAGATGTGA CTCCAGCCAG CCCAAATCCA TCCTGCTCTT CCATTTCCTT 12660 
CCACGATGGT GCAGTGTAAC GATGCACTTT GGAAGGGAGT TGGTGTGCTA TTTTTGAAGC 12720 
AGATGTGGTG ATACTGAGAT TGTCTGTTCA GTTTCCCCAT TTGTTTGTGC TTCAAATGAT 12780 
CCTTCCTACT TTGCTTCTCT CCACCCATGA CCTTTTTCCA CTGTGGCCAT CAGGACTTTC 12840 
CCCTGACAGC TGTGTACTCT TAGGCTAAGA GATGTGACTA CAGCCTGCCC CTGACTGTGT 12900 
TGTCCCAGGG CTGATGCTGT ACAGGTACAG GCTGGAGATT TTCACATAGG TTAGATTCTC 12960 
ATTCACGGGA CTAGTTAGCT TTAAGCACCC TAGAGGACTA GGGTAATCTG ACTTCTCACT 13020 
TCCTAAGTTC CCTTCTATAT CCTCAAGGTA GAAATGTCTA TGTTTTCTAC TCCAATTCAT 13080 
AAATCTATTC ATAAGTCTTT GGTACAAGTT TACATGATAA AAAGAAATGT GATTTGTCTT 13140 
CCCTTCTTTG CACTTTTGAA ATAAAGTATT TATCTCCTGT CTACAGTTTA ATAAATAGCA 13200 
TCTAGTACAC ATTCATTTTG TGTTGGATAC TGTGTTAGGT GCTGGAGGAA AAAAGATGAA 13260 
TAGAACATCT TCTATGTACT TGATGCGCTC ACAGTCTGGT TGTAGAGACT GTCACATAAA 13320 
CATTTCATCC CAATTCATTT ATTTGTTCAT TCCTTCAGCC AATATATATT GAGTTCTTAC 13380 
TCTGTGCCAA GAACTGTACT ACATTTCTGG GATTAAGTGG ATATAAGGAG ATCTCAGTGT 13440 
TTAATCTGCC TGAGGGGAGA CTAAATTAAG TGACATGGAA ACTTGGGTCT TGAAAAACAT 13500 
TTTAAGGTTA TTTTTTCTTT TCTCTCTCTC TCGCTCTGTC TTTCTCTCTC TTTCGTCAGG 13560 
GTCTCCCTCT GTTGCCCAGG CTGGAGTCAG TGGCACTCAT AGCTCACTGC AGCCTTGATC 13620 
TCCTGGGCTC AAGAGTTCTT CCCACCTCAG TCTCCTAAGT AGCTTGGACT ACGG 13674 
[0 16 0] (2) BJII## : 2 OflMR : (ii) £*<DM : VJ ADNA 

(i) ETtOttflk: (iii) : * L 

(A) EM©** : 1 10 8&S*f (iv) Tlstt^x : ftU 

(b) rnnvm : mk w mxom : 

(o m<o&:-*m (vi) mm: 

(D) h*ns^- : mmtt (xi) BPMDWM : E50»* : 2 : 

GCTTTGGCTC CCAAAGGCCT GGGATTACAG GCGTGAACCA CTGCGCCTAG CCTGTTAGCA 60 

GCTCTTAAAA TCCAGAGGCA TAAGCCTGTA TTTTTGAGGG TTTATGCATG GAATCCAGCT 120 

AGAAACTGAG TCTATTACAG ATCCCATTTA TTATCCTTTC TATTCCAAGA AGCCTTTTTT 180 

TCTCCTTCCC CACATCTGTT TATGGAAGAA AATGAAGTTT GGGGTGTGGT TTGAGGAATC 240 

AGCTAGATTC TTATGATCTG TCACATGCTT GGATGTTGGG GAAGCATTTG GAGAAGCTCA 300 

TGTGACTTGT CCTAGATTGG GGATTTTAAT TGAGACAGAT GATGTTTATC GGGCATCCCA 360 

CCACCTGAGA GTTTTAGCAA CAGAGTCACA TGTGAGTCCA TCAGAACTTA CGGCATTGAT 420 

TCAAGTGCTG TCATAAATAA CCAGGACTGC TGTTTTTGGT TACTTTTAAA GACAGTTTCA 480 

TCTGGACTTT CTGGGCATAT CCTCCTTCAG CAAAACCACA TTAGGCTGGG AAAACTATTC 540 

TGCCTGGAAG TAATGACAAC TTGCAACCAA CAAGCTTATA AAAATACAAA GAATTCTGGA 600 

GCCTATGGCT TCCATTACAT TATTCTTTTA TAGCCTTTTA TGTTCATTAC CGCATCCCAG 660 

AGGTGAGAGT CAGACACAAA TATGAAAATA GGTTTCAATG TTGGAGAGGT AAATCCTAAC 720 

AGGAAAGGGG TAGGAAAAGA TATAATCCCC CAATATTAAA ATAAAGATAT TGAAGAAGAA 780 

GGATGGGAGA GACTAGGGCT GTGTCCTTCC TTTTACTCAC CAAAAGAGAA AGTAAGCTCC 840 

TATTTGAGTC AATAGATATT GAGGTCTTGT TATTTGCCAC CAAAGACAGT CTTGTGAGAC 900 
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TAAATAGCTA GTAATTCCCT ACCCTGGCAC ACATGCTGCA TACACACAGA AACACTGCAA 960 
ATCCACTGCC TCCTTCCCTC CTCCCTACCC TTCCTTCTCT CAGCATTTCT ATCCCCGCCT 1020 
CCTCCTCTTA CCCAAATTTT CCAGCCGATC ACTGGAGCTG ACTTCCGCAA TCCCGATGGA 1080 
ATAAATCTAG CACCCCTGAT GGTGTGCC 1108 
[0 16 1] (2) IB?0S^: SOflttt: (ii) 5>*Offl : #J ADNA 

(i) WP\<Ot$m : (iii) fifi:4L 

(A) E?IJ^S$ : 4 8«S*f (iv) T>^±>^ : 4L 

(B) ga?U^S! : «S6 (v) Wtf <Z>1! : 

(C) 010ft : -#01 (vi) jBS : 

(D) : BJiiR (xi) E?Utf>13« : B7V#*- : 3 : 

CACACTTTGC TGCCGAAACG AAGCCAGACA ACAGATTTCC ATCAGCAG 48 
[0 16 2] (2) BH**: 4 ©AMR: (ii) *fOl:^ADNA 

(i) @a?lJ0W® : (iii) : ft U 

(A) B5«0*S : 1 4 2 7Jtas# ' (iv) T^-feV* : #L 

(B) ' S7U^>S : M-Wft<D&: 

(C) «CDft:-*^ (vi) jfiK: 

(D) b*ns^- : (xi) B^Ett : E?tf#^ : 4 : 

GTAACGTTTG CAACTTCCTA GATCTTTTAG CTTTTCATTC CTGTCAATTC TCTGAGTATT 60 
AGGGATGTAG TGACTTGAGG ATCACAATAA ACTTTTAGCC TCTGCAGATG AAAACAGAGA 120 
TGCACTTCTT AGGTCATTCC CTGGCTAAAT AAAATCTGCC TGGAAATCTG TAGAATTCCT 180 
TGTATGATTT ATATATATAC ATACATGATT GTTAGTAAAA GCAAAGTATA TAGGGAATCA 240 
TTTCCCCATC CTTCAAGAGT GGCCTTTCTG CAGTGTTTTC TACTTTGGCC AACAAGGATC 300 
AAAACGGTTA ACTCCTTAGT GAGGAGGAGG AGAGTGGTAT GGGGAGGTAG TAGCTCAGTG 360 
CTTCCTGTTC ACTGAGACAT CTCAAAGCCC TTAACACTCT AGTTTTTAAA TGTCCTACTG 420 
GACATTTTGC CAGTTTGCAA AATTACATGT AAATGGACTA TAAGCAATTG TGTAAGCCAT 480 
ATGTCATGCT GCAGGCTGCA AATTGTTCTT AAAATGGAGG ATTTGTAATT AAGAAAGCCA 540 
ATGCAAGAAA TGAGTGAAGC TAACTAGAGT AAACTTATGA AAAGCTGTGA ATTTCATCAT 600 
CATAGAACAT TGCTTTTCAG TCTGAACATT CTTCTAACAA ACCTTGGATC TGAGGCTTCT 660 
TGTCCTTTGC GGCAGCCACA GTGGGTTTTT GTTGTTAGGG GAAAATAAAA AACCTTGCCC 720 
GCAGCATCTG GTTAAGATTA GGGCAGTTTC . CTGCCTAAGG AGGGAAGGGA GAGAAAAAGG 780 
AAGAAGAAAT GCATAAGGAG AATGAGGAGA TATACAATGT CTCAGAAAAC AGGAAACATT 840 
GTCCTATTTT CCCTTGTCCT CTTCTGACAA GATCTGGGAA AGTACCAGAA TTTAGGCACG 900 
AAAGAGAAGA ACGCCTCGAA GAAATGATCA GGAAGCAAAA CTTAGACGGA AATCTCTCCT 960 
TTGTGTATTC TGAACCCCAC TACCACCTTG CTATTTGTCT GTCTCCAAGC CTGCTAGGGA 1020 
CCCTGGAGGA AACGCACTGA GCCCATTCTG ATTGTCCAGT nCTATCCCC CATTTCTGGT 1080 
TGTGTACGTG TGTGTGTGTG TGTGTGTGTG TGTGTGTGTG TGTGTGTGTG TGAGAGAGAG 1140 
AGAGACAGAG AGAGAAACAG AGAGAGTGTG TGTTGCCTAA ATCTCCCGAG AGAGAGAGAG 1200 
AGAGAGAGAG AGAGAGAGAG AGAGAGAAAA GAGAGAAATG GCTAAATCCC CCTAGATCAA 1260 
AGTCCTTGGA ACCAGATGTA CCAGCATCCT ATCTAAACAC AGGCCCCTCC TGACTATCAT 1320 
TGTTTTATCA CCCTTTTTCC GTCTACCTTT CTCTTCCTCA TAAAGCCTAG TTTTCCTCTG 1380 
TTTCCCTGCC AAATGGAAGA GTTTTCCCTA ACTACATTCT TCTGCAG 1427 
[0 16 3] (2) Efl|#-!§- : 5 <DflMS : . (ii) ft^F<D%H : *f J ADNA 

(i)E3W»ft: (iii) ffi3£: 4L 

(A) EM©** : 1 2 imXM- (iv) : ftL 

(b) saios : w mft<»& : 

(C) §«Oft : -#0l (vi) &m : 

(D) : fflftR (xi) BTOOBtt : : 5 : 

GATGTGGGGG CTCAAGGTTC TGCTGCTACC TGTGGTGAGC TTTGCTCTGT ACCCTGAGGA 60 
GATACTGGAC ACCCACTGGG AGCTATGGAA GAAGACCCAC AGGAAGCAAT ATAACAACAA 120 
G 121 
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[0 16 4] (2) EyiJ## : 6 <D^$a : 

(i) mw<D<mL : 

(A) EJU©** : 4 6 2«g*f 

(b) mm<oM:m^ 
(D) hx*i>-:W.mvt 

GTGCCTGGGG TCCTGGAGGG 
GCTTCCAGAC TCCCTTCTTC 
CTAACTCATG TTAACATACG 
GTATTCCTTC CCTTTGGTTT 
ATTAATGCTG TTAATCCATA 
CATATTATCT CTCTTCTTGC 
AACTTTTATG ATTGTGAGTT 
ACTGTAGACA GTCTATACAA 
[0 16 5] (2) E£IJ##: 7<D$m: 

(i) mmo<m : 

(A) mm<0&£ : 1 2 3&g*f 

(b) m?$<DM:mm ■ 

(C) : -*« 

(D) h#P$>-:iHHtt 

GTGGATGAAA TCTCTCGGCG 
AACCTTGAGG CTTCTCTTGG 
ATG 

[0 16 6] (2) E?!#» : 8 OflMS : 
(i) ia^J(D#^ : 

(A) iE?IJOg£ : 8 5&g*f 

(B) BftOShgflt 
(C) 

(D) h#ni>- :WttK 

GCAAGTATAG CTTCAGCTCC 
CTGGCCTCTT TCTTCTTTGT 

[0 16 7] (2) : 9 <Dtff ft : 

(i) E?ll<04»tt : 

(A) B^lOftd : 15 6«S^ 

(B) E*ft>&:0Ot 

(o : -#« 

(D) h^ni*- :!«*(« 

ACCAGTGAAG AGGTGGTTCA 
AGTAATGACA CCCTTTATAT 
CGAAAGAAAG GATATGTTAC 

[0 16 8] (2) mm*: lOOtiffB 

(i) BTlOtttt : 

(A) mW&iS : 1 6 2 4SS» 

(b) sm<DM:im 

(C) $<D$: : 

(D) hatfnS*- : 

GTACTCTCCT TTCTTCTGGG 
TGCTTTGTTC TTGAGGTGAA 
CCCCATTCCC ATTCTGTTAT 
TTTTCTTTTT CTTTTCCCTT 



(ii) frf-OSl : y/ ADNA 

(iii) ftb 

(iv) T % stt>x : *L 

(v) #r#Ol! : 

(vi) mM : 

(xi) mmcomm : ews* : 6 

GGCATGGCAG GAAGGCTGAG ACCTGAGCTC TCTCATCTTA 
AATCCAAATG CTTTATTCCA AGCAAATCAG TCCCTCTTCC 
GTTTTCATTC CTATGCTTCA ATCATCCTCT TGTCAAACTT 
TATAAGTGTG TAACATTCCT CTTTTGGGAA GAGTCCCAAG 
AGCAATTTTT CTGTCTCTCC AGAGCTTGTG TGGTTGTTTA 
AGGCTCTTAA TTCCATGGTT AGTTCCCCAA CTAAACTGTA 
TCCTTTATTC TCCTAAAACC CTTCACAATA TTACATATGA 
GTACTGACTA TGCTTTGTTT AG 

(ii) *f J .ADNA 

(iii) fiS: ftb 

(iv) rm^ : 41 

(v) Mftvm : 

(vi) SM : 

(xi) BMOEtt : E»#* : 7 

TTTAATTTGG GAAAAAAACC TGAAGTATAT TTCCATCCAT 
TGTCCATACA TATGAACTGG CTATGAACCA CCTGGGGGAC 



60 
120 
180 
240 
300 
360 
420 
462 



60 
120 
123 



(ii) 5H^>3! : ADNA 

(iii) «£: ftL 

(iv) rm^ : 4L 

(v) Srtftf>3! : 

(vi) mm : 

(xi) iBnoCtt : : 8 : 

TGTCCCACCT GCACCATTTG CTTTAGTTCC CTGCTGATGC 60 
CTTAG 85 

(ii) frf-tDM : ffJ ADNA 

(iii) *L 

(iv) Tls^fX : ftt 

(v) BfrtfOl! : 

(vi) mm : 

(xi) KftOWM : E^J#^ : 9 : 
GAAGATGACT GGACTCAAAG TACCCCTGTC TCATTCCCGC 60 
CCCAGAATGG GAAGGTAGAG CCCCAGACTC TGTCGACTAT 120 
TCCTGTCAAA AATCAG 156 
: (ii) #*©g : *? S ADNA 

(iii) fi^:4L 

(iv) : 4L 

(v) Ktf©S: 

(vi) : 

(xi) EHCC* : &f\m* : 1 0 : 
TGTGCATATG TAATCTGGCA TGACCTTTTC CTTTTTCTGC 60 
AGGGCACCAG GAAAAGAGGG CAAGGAATTA AGGTACATCT 120 
TTAACCTCAT TTGTTTCTGT ACATTTGGGT TGTTTCTGGT 180 
TTTTTTTTTT GAGATAGAGT CTCACTCTGT 240 



-36- 



[0 16 9] (2) 
(i) B?H<OW«: 

(A) EM©** 

(B) BMoai:0tt 

(C) 

(D) h#P$?- 



CGCCCAGGAT GGAGTGCAGT GGTGCAATCT TGGCTCACTG CAACCTACAC CTCCCGGGTT 300 

CAAGCGATTC TCCTGCCTCA GCCTCCTGAG TAGCTGAGAT TACAGGCACG CGCCACTACG 360 

CCTGGCTAAT TTTTCTATTT TTATAGAGAT GCGTTTTCAC CATGTTGGCC AGGCTGGTCT 420 

TGAACTGACC TCAGGTGATC CACCTGCCTC AGCCTCCCAA AGTGCTGGGA TTAGAGTCAT 480 

GAGCCATCGC GGCCTGGTTT TTCTTTATTA CAAATAGTGT TGCAATAAGC ACCCTTGTGC 540 

ATATGTTTTT GTGCACATGT ACAAATATTT ATGCAAAATA AGTCCTAAAA TTGGAATTGT 600 

TAGGTCACAA ATAATCCTTT CCCCCCCCCC AAATTTTTTT TTTTTTTTTG AGACAGCGTC 660 

TCTGTCACCC AGGCTGGAGT CCAGTGGCGC AATCATGGCT CACTGCAGCC TCAACGTCTC 720 

AGGCTCAAGT GATTCTCCAA CCTCAGCCTC CCTAGTAGCT GGGAATTAGA AGCACATGCC 780 

ACCACACCCA GCTAATTTTA AAAAATTTTT TGTTAGAGAC AGGGTTTTGC CATGCTACCC 840 

AAGCTGGTCT CAAATTCCTG GGCTCAAGCA ATCTGCCCGC TTCGGCCTCC CAAAGTGCTA 900 

GGATTACAGA CATGAGCCAC CATGCCCAGC CCAAAAAAGT TTTTGCAATC TTACATTCTT 960 

ACTAGCATGA GAATGTCAGT TTTTTCACAA CCCAAACAAC ACAGGATTGT ATCAGCAAGA 1020 

TAAACAATTG ATTTAACGTT CATTTAACAA ACACTTTTTG ACCCCCAGAA CCTACCAGAT 1080 

GCAGTGTTAG GCAGCAGAGA CTCAAGATGA CTAAGACACA ACCTGTGTCC TCAGGAAATC 1140 

TCAATCTAAA AAAATAGAAC AGGAAAGAAA GAAAAATCTA CAATCTAGCT GCACAAACAA 1200 

TAATAGCTAA TACTTTTTGA GATTTTATTG TTTGTCAGGA ACTTCTTAAC TCTTTACATG 1260 

AGTTTAAATA TTTAATCCCT TATAACAATA TTTTATGCAT AGAGAAACTG AGACACAGGC 1320 

AAATTTAGTA ACTTACCCGG GGTCACATAG CTACTGGGTG GCAAAGTCAG GGTTAGCTCC 1380 

CAGGACAAAT GCCTCCACAG CTGGTACTGT GCTCTGCTTT ACTGTAGCTA ATAGTAAAAA 1440 

TGGTAGCAAA AATCAATAGC AGTAGAACAG TGCAACAGAT ATTAAGCGGA AGAGGAAGAC 1500 

TCACAACAAT GACAACATTT GTGCTGAAAT TTTTAAGAAC ACATGGAATT TCCTTCAGCC 1560 

GGGTAGAGAG AAGATATAGA AATGTAAACA CCAAAGATTC ATAGTTTCTC TGTATCCCTT 1620 

TCAG 1624 
BM»» : 1 1 OflH* : (ii) &¥<om : *V ^DN A 

(iii) ffi3£: £L 
2 1 9&mtt (iv) ryfty^ : £L 

(v) ffifrvm : 

(vi) &M : 

(xi) mWmm : EJ0»* : 1 1 : 



60 
120 
180 
219 



[0170] (2) 

(i) BftOtttt: 

(A) Bai0ft£ : 

(B) B£l0fi:ttRk 

(C) 



GGTCAGTGTG GTTCCTGTTG GGCTTTTAGC TCTGTGGGTG CCCTGGAGGG CCAACTCAAG 
AAGAAAACTG GCAAACTCTT AAATCTGAGT CCCCAGAACC TAGTGGATTG TGTGTCTGAG 
AATGATGGCT GTGGAGGGGG CTACATGACC AATGCCTTCC AATATGTGCA GAAGAACCGG 
GGTATTGACT CTGAAGATGC CTACCCATAT GTGGGACAG 
f&m*: 1 2*>flHI: (ii) d"F«!:^ADNA 

(iii) CJ6:*U 
4 3 2 6fig*f (iv) Tyfty^ : *L 

(v) »#©s: 

(vi) fiX : 

(D) h#ni?~ : (xi) BHOEtt : En»« : 1 2 : 

GTGAGATTGC TCCACACAAT TATACAGCTC TGTTGGCTCC TCCTTCCCCA GCATGATGTT 60 

TTGTACTGGA AACAATTCCA GAAATACTGT TTTCTGTTAT CCTATCCTGC TTTCTTGATG 120 

GAATAATTTC CCACAGAAGG CCAAGAAGAT TTCCACAATC TGGGGGAATT TAGGGAGCTT 180 

AAGCTACTAT AGCTCCTATT TGCATCTCTG CCATGGAGAG AAAACAGAGG CTAGGCTACC 240 

TACCCCATAG ACTTCCGAGC TGGGTTCTAT AACCCTCTGC TCAATTCCTC ACTCCCACAA 300 

CAAACCCACA AACCCACCAT GCTATTTTCA CAAATTGTGT GGCTTTATTT TATATGATCT 360 

CAGTGTGAGT TTTCAGAACA TTTCAGCAAA TTATGTAAGT TTACATGCTA ACATCTATAA 420 

AATGAGAGAA AAAACAAGTT GCTTCATATA AGAGATAAGG GATTAACTCA GTTCCTCCTG 480 

CATGATCCTC TAGTCATAGG AAGGAAATCA TATCTGAAAG GGAGGCAACC TGAGGGGTTT 540 

TTTATACACA TAGGGCTGGG TCTGATAGAC AATATAATGT AGGGCCTTCA CAACAGAAAC 600 
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CTCTGAAACA GGGACAGCAA GTTTGAGAAT AAAAATGATG GCTACTGTGT TCTAAGCCGT 660 
GTCCTTAGTG CATTTTTTCT TTTTCTTTTT TTCATTTAAT CTCATAACAA CTCTGTTAGG 720 
TAGACTTATC TTGAATGTAT AGGTGAGGAA ATGGACACTT AAGGAGATAA GACAGTATAA 780 
TTCATACCAC TAGTATGTAA CAATGTAAGA TGTATCTACC AGGGATGTTT ATCTTCTGCA 840 
AACATTCCTA GGTATATCTC CCATGCACAT GTGCAAGAAT TTCTTACTAG GATATAATGC 900 
CTTGGAACTG AATTGTCTGG GTCTTAGGGT ATGTCTGTCT TCAACTTTAC TACACAATGT 960 
CAAATTGTTT GCCAAAATAT TTGGAAAAAT TTATACCTGC AATGTGTAAG AAATCCCCTT 1020 
CAATCACCTT TTTATCAGTA TGTTTATCTG GCCATTTGCA TTTCTTCTTC AGTGAATTAA 1080 
CTGTTTTTAT CTCTTGCTCA TTTGTTTTTC TTTTTATTTT TTTGAAATAG GGTCTTACTC 1140 
TGTTGCCCAA GGCTGGAGTG TGGTGATACA GTCATAGCTC ACTGCAGCCT CCACTTCCGG 1200 
GCTCAAGCAA TCCTCTCGCC TCAGCCTCCC AAATAGCTAG GATATAGGTG CATGCCATCA 1260 
TGCCCACCAA TTTCAAAAAA CCTTTGAAAT TTTTTTTTTG TAAAAGCTAG GCATGGTGGC 1320 
TCATGCCTGT AATCCCAGCA CTTTGGGAGG CTGAGGTGGG AGGATCGCTT GAGCCCAGGA 1380 
ATTGGAGGTC GGCCTGATAC AACATAGCAA GACCTCATCT CTACAGAAAA AATTTTTAAA 1440 
AGTAGCCAGG TATGATGGCG TGCATAGTTC TAGCTACTCC GGAAGCTGGT TGGGAGGACA 1500 
ACTTGAGCCT GGGAGTTCAA GGCTGCTGTG AACTGTGATC ATGTCACTGC TCTCTAGCCT 1560 
GGGTGACAGA GTGAGACCCT GTCCCCAAAA ACAACAACCG TTTTTTTTGG TAGAGACATT 1620 
GTCTCGCTAT GTTGCCAAGG CTAGTCTCAA ACTCCTGGGC TCAAGCAATC CTCCCACCTC 1680 
CCAAAGTGCT GGGATTATAG ATGTAAGCCA CCATGCCTGG CCTACCCTTT TTTTTTTTTT 1740 
TTGAAATGGA AGTTTTGCTT TTGTCACCTA GGCTTGAGTG CAGTGGCGCG ATCTTGGCTC 1800 
ACTGCAACCT CCACCTCCTG GATTCAAGCA ATTCTCCTGC CTCAGCCTCC TGAATAGCTG 1860 
GGATTATAGG CAOXGCAAC CACGCCCGGC TAGTTTTTGT ATTTTTAGTA CAGACAGGGT 1920 
TTCACCATGT TGGCCAGCTG GTCTTGAACC CCTGACCTCA GGTGGTCCGC CCGCCTCGGC 1980 
CTCCCAAAAT GCTGGGATTA AAAGTGTGAG CCACCATGCC CCACCCCTTA CTCATTTTTA 2040 
ATTGGATTGT TTTTTCTCTT TCTTAGCGAT TCTTAAAAGT TTAAAGAGAA TATTTGGATA 2100 
CAATACTATG TATTTAAAAG TTGAGGTCTG TCTTTCCATT CTTCTCACGA TGTCTTTCAA 2160 
TCTAGAAAAG TTAATTTTAA TAGGCCTGGC GCGGTGGCTC ACGCTTGTAA TCCCAGCACT 2220 
TTGGGAGGCT GAGATGGGTG GATCACAAGG TCAGGAGATG AAGACCATCC TGGCTAACAT 2280 
GGGTGAAACC CTGTTTCTAC TAAAAATACA AAAAAATTAG CTGGGCGTGG TGGCAGGTGC 2340 
CTGTAGTTCC AGCTACTCGG GAGGCTGAGG CAGGAGAATG GCGTGAACCC GGGAGGTGGA 2400 
GCTTGCAGTG AGCCGAGATT GCACCACTGC ACTCCAGCCT GGGCAACTGA GCAAGACTGC 2460 
GTTTCAAAAA AAAAAAAAGT TAATTTTAAT ATAGTAAAAT TAGTAAAAGG ATTAATTTTC 2520 
CCTTTGCAAT TTTTGTAATG TGTTTTATTC GTTTATGAAT GGAGAAAGGT AAGAAAAAAT 2580 
AAAATTTAAA AAAGAAGAGA TGTGGCCAGG TACGGTGGCT CACACCTATA ATCCCAGTAG 2640 
TTTGGGAGGC TGAGGCAGGC AGATCACTTG AGGTCAGGAG TTTGAGACCA GCTGGGATAA 2700 
CATGGTGAAA CCCCATCTCT ACTAAAAATA CAAAAATTAG CCAGGTGTGA TTGCGCACGC 2760 
TTGTAATCCC AGCAGGCTGA GGCAGGAGAA TTGCTCGAAC TCAGGAGGCA GAGGTTGCAG 2820 
TGAGCCAAGA TCATGCCATT GCACTCCAGC CTGGGTAACA GAGACTCTGT TTCAAAAAAA 2880 
TAAAAAGATA AAAAAGGAAG AGATCTGATA GGGCGGCCAG ATAAACATTT TAAAGGGGAT 2940 
GGTATTATAA GTTTGTTCCC AGCATAATGC CAGGTTATTC TGACTTTAAA GTATCATCAC 3000 
ATAATATCTT TTTGAGTCAA TTTCCAAGAT ATTCTGTTTC ACTTGTAATT CTGTGTAATT 3060 
TTTGGCACCA GGAGGCATCA GGGATTTGGA GCACATGGCA GAAACAAAGG CATCTTGAAA 3120 
AATATCAAGG CAGTAGACCA CTGTAATCTT AAAATGGCAT ATCAAATGCT GCTATTGCTG 3180 
TTAATATTTA GATAATGTTA GATAATGTAT TTTTTTAGAG GGTATCTCAC TATCTTGCAC 3240 
AGGCTGGAGT AGAGTGGCTA TTCACAGCAT GATCACAGTA CACTAAAGGC TCAAACTCCT 3300 
GGGCACAAAC AATCCTCCTG CCTCAGCCTG CTGAGTAGTA GATAATAAGT TCTTGTGGAT 3360 
GCAACCTTAG GGTTCTGAAG GGGTAGTCTG TAGGAAAATG AATTGCTGAA AAGAATACAC 3420 
CACCTTAACA TGGGCTATTA TTCGATTCCA TAATTGTGGC TTGCCAATGA AACATTGCTA 3480 
ACTACCTGTA AAATATAGTG TTGGAAGTCA TAGGCTAAAT TGCTAAGTTC TTTAATCTAT 3540 
TTTAGTGTCT TGTTATGTAC TTTTATATTT TGTCTTTGAT GAGAGCACAA GGATCACACC 3600 
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[0171] (2) 

(i) mrnnmm : 

(A) IBWOft* 

(b) mwm : urn 

(c) : -#« 



AGTTCCCCTG ATATAGGTGC AGAGGGCCCA GGTCTTCCCT CTAGCTAAGC CTTGGCCTTG 3660 

GCCTCCTACC CACACAGCAG CTGGTGCCTT CCTGCCCCCT GAGGCTAATA CATACTATGT 3720 

GGCCAGAAGA TGGTTTATGC TTTTTAAAAA AATCTTATTT CAGAAATCTT TCCCTACTGT 3780 

TTTCCTCCCA CATTTATGTC TTAAAACACC TGTAGGGGAT TTTTTTTTTT TTTTTTTTTT 3840 

TGAGATGGAG TCTCGCTCTC GCCCAGGCTG GAGTGCAATG GCGCGATCTT GGCTCACTGC 3900 

AAGGTCTGCC TCCCAGGTTC ACGCCATTCT CCTGCCTCAG CCTCCCCAGT AGCTGGGACT 3960 

ACAGGCGCCC GCTACCACGC CTGGCTAATT TTTTTGCATT TTTAGTAGAG ACAGGGTTTC 4020 

ACTGTTAGCC AGGATGGTCT CGATCTCCTG ACCTCGTGAT CCACCCTCCT CAGCCTCCAA 4080 

AGTGCTGGGA TTAACAGGCA TGGAGCCCCA CCGCACTGGC CTGTATTTGT GAGGAAGAAC 4140 

AGACCCTCTT TAGAAGCCCT AGACTGCTGC CTCTGTTAGT TCACTGGCAT CACTCAAAAT 4200 

ATTGGTTGAG TTTCTTACTC ACTGAGTTGG TTTTTATGTG TGGTGGAAGG CGGGAATCCT 4260 

CTTTTCATAT TCGTTCTCAT TGCCTATTGC TTTGTCCTAG TCCTATTACA ATCTTGTTTC 4320 

TTCCAG 4326 
: 1 3<0fiMB: (ii) : ^MDNA 

(iii) «£: fcL 
1 6 emMM (iv) T^-fe^* : fcb 

(v) m<DM : 
(vi) 



(D) h#a^-:ttiltt 



(xi) SS?UOlE«fc : E?0** : 1 3 



[0172] (2) 

a) wm<Dsm : 

(A) EJU©** : 

(b) wmom 



(D) h#n^-:lOMft 



GAAGAGAGTT GTATGTACAA CCCAACAGGC AAGGCAGCTA AATGCAGAGG GTACAGAGAG 
ATCCCCGAGG GGAATGAGAA AGCCCTGAAG AGGGCAGTGG CCCGAGTGGG ACCTGTCTCT 
GTGGCCATTG ATGCAAGCCT GACCTCCTTC CAGTTTTACA GCAAAG 
EW*»: 14 (ii) df©i:^ADNA 

(iii) 

2 7 0m.mM (iv) T^T-fe^* : fcb 

(v) BfrtfOS : 
(vi) 



60 
120 
166 



(xi) tmotstt : sai** : 1 4 



[0173] (2) 
(i) B3l0ttft : 

(A) m?\}<D&£ ; 

(b) smom 



(C) «<Dlic : -** 

(D) h#n$*-:*«tt 



GTAAGAAGCT GCTGATCCTA TACAGCACTG TCTTTTATGA TACAAACTTG ATGGTTTCTC 
GAAGGACCTT GGGTATTTTC AGTACTTAGT TTTTGTATTC ACATGGAGGT GGCCAGAGAG 
AAATTAACAA CTGCTGCAGT ATGGAGCAGC ATCTCTGTGG TAAACCCTCC TGACACGGAT 
GGAATTCTTC AAACAGTCTC CTAGACTGGG AGATCCCACA GGGTGACCCT TGGATTGCAT 
AGAGCCTCAC GCTGGTAGTT TGTATTCTAG 
mnm^ : l 5<Dfi|$R : (ii) : ^ADNA 

(iii) «£: *L 

1 0 e&mM (iv) ryft^ : 4L 

(v) gf^coa : 
(vi) 



60 
120 
180 
240 
270 



(xi) B$|<Z>Ctt : EJJ## : 1 5 : 



[0174] (2) 
(i) : 

(A) SBJO©** : 

(B) ffi?U<£5! : 

(C) : -** 

(D) h#oS* 



GTGTGTATTA TGATGAAAGC TGCAATAGCG ATAATCTGAA CCATGCGGTT TTGGCAGTGG 
GATATGGAAT CCAGAAGGGA AACAAGCACT GGATAATTAA AAACAG 
Efll#* : 1 6©||M8 : (ii) 5«-©fi : ^/ ADNA 

(iii) 4E£: fcL 
2 2 7 0«a*t (iv) T^ft^ : fct 

(v) ISrtf (OK : 

(vi) jgJS : 

(xi) ^|^|B« : : 1 



60 
106 



GTAATGATGG GAACACTACT TTTGTTATTC AGTCACCCTT TTAACACTCA ACCTCACCTC 
CAGCTTCCCG ATATTCCTTT CTCTGTCCCA AATCAAGAAA AAATTATCTC AGAGTTCTCA 
CTTCTATCTT CTCAGTCAGA GGCTCTTAAT TCTCAGTCTG ACACTTAATG GCCAGTGTGT 



60 
120 
180 
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TAGTCCATTT TGCATTGCCA CAAAAGAATA CCCGAGACTG GGTAGTTTAT AAAGAAACGA 240 

GGTTTGTTTG GCTATACAAA GCGTGGCACT AGTATCTGCT CAGCCTCTGA TGAGGCCTCA 300 

GAGCTTTTAC TCATGGCAGA AGGCAAAAGA GGGAGCAGGC ATGTCACATA GTGAGAGAGG 360 

GAGCAAGAGA GAGAGGGAGG TGCCGACTCT TTAAAGAACC AGCTCTTGCA TGAACTAATA 420 

GAGTGAGAAC TCACTCATCA CCAAGGCGAT GGCACCAAGC CATTCCATGA GGAATCCACT 480 

CTCATAACCC AAACACCTCC CACTATGCCC CACCTCCCAC ATTGGGGATC ACATTTCAGC 540 

ATGAGACTGG GAGGGGACAC ACATCCAAAC CATATCCGCC AGACAATAGT GCTCAATTAT 600 

GTGCTGGGCA GATGCTCCCT GTGTGCAAGG TGCTTAGTGA CATACATAAA CCAACGAGCA 660 

GATGACACCT TCAGTGAGCT CAGAGCCCAA TAAGACAGAC CTAACTAACC ATGAGATAAA 720 

GCAGTACAAA GAACCAGCAG GAGCTTTGGA ATTACGTATT TTTACTTTCT TTTGTCTCTA 780 

ATGTGATCAG TTTCTTAGAT GGTTTCCATT AGCAATCTGT CTTTAACAGT AGGGGAGCAG 840 

CGTTAAAGGT TTAATATTCC TTTTGAACAG TTTTTTTCCT TCAAAATACA CTTAAGATAC 900 

ACGTATATAA GAACTTGCCA AAGATTGTGA AGAGAAACAT TTTTTAGAAA TAAGATATAA 960 

ACAAAAAAAG TTAGTGTTAC TTTCCTATGT TGGGGAACAA AGAAAACTCC AGGGTACCTT 1020 

GCTTCCCATT TCTCTTTAGC ACCTTGTGAC TTTTGGGGAG GGGCAGATTG ATAACAATTA 1080 

TAGTTTTCCT TTCCTGGCTG ATCACCATTA ACCTGGCAGC AGCACTGGCT AAATCTCCTG 1140 

TCCTTAGTGC CCTCCAAGGA GCAGGAGCCC TAGACTCTGG GTCGCTGACA GACTCACGCA 1200 

GTGGTGTTGT TCAAACCTGA AGCAACTTTT TATATCACAG TTCCAACTCA AGGTGAACCT 1260 

GAGCATCTTC CCAAGTCTCC CACAGCTTCT GTCCTGTGTT GTCCCTTCTC TTGACTCCCA 1320 

GGTCCAAGCA CTTACCCTGT TCTTTCATGA TCAGGTACCA TGTGTGGAGA TAGCTTCCAA 1380 

GAGAGCTGGG AGGAAGAAAG GACACACCCG GGCAGGATCA GGAACACTGG GGGCCCCTGG 1440 

AGAAGGGGAG AGTGGGGGAG GGTACAGGTT TTAAATAAAA TGTGTTGGTA ATTAGAGAAT 1500 

TGCTGGTTGG GGAAAGAGGT CTGAAAACAA TTCAGGAAGA TAAACAAGAC AATCTCTCCT 1560 

CTCTCCTCTT TCTCACGTCG TCTCTCTTGT CTTCTAGTCT CXJCTACTCAT TTCCTTAGTA 1620 

ATCTCATCCA CTCTCATAGT TTCATCCATC TCTCCTATGG GGTTTACCCC CAAATCAAGA 1680 

TCACCAGCTT CAGCCTCCTT CTTATGCTCT AAACTCACAT TTTCAAGATT AATATTCCCC 1740 

AAATACAGCT CTGATCATAT CACTCTCCCA CTCAAAATCC CTCACTGGCT CCTCACGATG 1800 

ATGGGTCACA GAGTAAAGGT GAAGCTTTTT AACCTTGCAG TAAAGGTAAT TCAACCTGAT 1860 

. CTCAATCTGC CTTTCCAGAC ATCTCTCCCA CTACACCCTG TTAGGCACAC TGCTTTTCAG 1920 

CTACATGATC CTAACAGTGC CCCACACTTT CCTGCCTCTG TTGTTCATTT CACACCCTTC 1980 

CACTGGCATC CCCTTCCCAC AGGTCGAAAT TCTACTTAGC CTTTTGGCTC AGCTCAAATG 2040 

CCACCTCTTA CATCAAGCCT CTAAGATTCT CTTGATCAGA AGGAATCTTT CCCTCCTTTG 2100 

ATACCTACAG TATTATGCCT TCTCCCTATT TCTTGACTTT AAACTCTTTA AAGTTAAAAA 2160 

AGATCATATT CATTTTTGTG TACCATCAGT ACCTCGCACA ATACTCAGTA AATATTTTAA 2220 

TGAATAAATA AACTGAGAGT ACTAAGTATT TTTCTTGATT GGTCTTACAG 2270 
[0 17 5] (2) EJJ#» : 1 7 ©flMl : (ii) : # J ADNA 
(i) mWVm: (iii) iE3£: ftb 
(A) mW<D&£ : 9 7MMM (iv) rvft^ : fcb 
"(B) mttoM:#St (v) WfrOffl: 

(C) mom : -*m (vi) IBM : 

(D) *J- : mMVt (xi) B^lOE* : E?tf#^ : 1 7 

CTGGGGAGAA AACTGGGGAA ACAAAGGATA TATCCTCATG GCTCGAAATA AGAACAACGC 60 

CTGTGGCATT GCCAACCTGG CCAGCTTCCC CAAGATG 97 
[0 17 6] (2) m&m& : 1 8 OflMB : (ii) : V J AD NA 
(i) &MV>W& : (iii) ffi5£ : ft L 
(A) mm<D&£ : 5 9 8&mtt (iv) 7^n^ : fcL 

(b) tm^m : ffik (v) mfrtoM : 

(o mom : -** (vi) ism = 

(D) *J- : ifftRR (xi) ETUOEtt : EW*# : 18: 

TGACTCCAGC CAGCCCAAAT CCATCCTGCT CTTCCATTTC CTTCCACGAT GGTGCAGTGT 60 
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[0177] (2) 

(i) : 
(A) mffl<D&£ : 

(b) mmnMimm 

(C) 

(D) h^P^- 



AACGATGCAC TTTGGAAGGG AGTTGGTGTG CTATTTTTGA AGCAGATGTG GTGATACTGA 
GATTGTCTGT TCAGTTTCCC CATTTGTTTG TGCTTCAAAT GATCCTTCCT ACTTTGCTTC 
TCTCCACCCA TGACCTTTTT CCACTGTGGC CATCAGGACT TTCCCCTGAC AGCTGTGTAC 
TCTTAGGCTA AGAGATGTGA CTACAGCCTG CCCCTGACTG TGTTGTCCCA GGGCTGATGC 
TGTACAGGTA CAGGCTGGAG ATTTTCACAT AGGmGATT CTCATTCACG GGACTAGTTA 
GCTTTAAGCA CCCTAGAGGA CTAGGGTAAT CTGACTTCTC ACTTCCTAAG TTCCCTTCTA 
TATCCTCAAG GTAGAAATGT CTATGTTTTC TACTCCAATT CATAAATCTA TTCATAAGTC 
TTTGGTACAA GTTTACATGA TAAAAAGAAA TGTGATTTGT CTTCCCTTCT TTGCACTTTT 
GAAATAAAGT ATTTATCTCC TGTCTACAGT TTAATAAATA GCATCTAGTA CACATTCA 
E?0## : 1 9 Off « : (ii) SH^S : V J i^DNA 

(iii) 4L 
4 5 9*gg*t (iv) : fcL 

(v) Brtf OH : 

(vi) mm : 

iUNtt (xi) e^oe* : bj»* : 



120 
180 
240 
300 
360 
420 
480 
540 
598 



[0 17 8] (2) 
(i) B?OOtt0t : 

(a) mmvMZ 

(B) WM<0%L: 

(o m>* : - 

(D) h#P3*- 



TTTTGTGTTG GATACTGTGT TAGGTGCTGG AGGAAAAAAG ATGAATAGAA CATCTTCTAT 
GTACTTCATG CGCTCACAGT CTGGTTGTAG AGACTGTCAC ATAAACATTT CATCCCAATT 
CATTTATTTG TTCATTCCTT CAGCCAATAT ATATTGAGTT CTTACTCTGT GCCAAGAACT 
GTACTACATT TCTGGGATTA AGTGGATATA AGGAGATCTC AGTGTTTAAT CTGCCTGAGG 
GGAGACTAAA TTAAGTGACA TGGAAACTTG GGTCTTGAAA AACATTTTAA GGTTATTTTT 
TCTTTTCTCT CTCTCTCGCT CTGTCTTTCT CTCTCTTTCG TCAGGGTCTC CCTCTGnGC 
CCAGGCTGGA GTCAGTGGCA CTCATAGCTC ACTGCAGCCT TGATCTCCTG GGCTCAAGAG 
TTCTTCCCAC CTCAGTCTCC TAAGTAGCTT GGACTACGG • 
EJH## : 2 0 Off® : (ii) &*<»M : 31 fiS 

(iii) <EJt: 

(iv) 7m^:4L 

(v) KJtOffl: N-^ 

(vi) : 

mitt (xi) BHoeft : m&mur : 

Met Trp Gly Leu Lys Val Leu Leu Leu Pro Val Val Ser Phe Ala Leu 

15 10 15 

Tyr Pro Glu Glu lie Leu Asp Thr His Trp Glu Leu Trp Lys Lys Thr 

20 25 30 

His Arg Lys Gin Tyr Asn Asn Lys Val Asp Glu He Ser Arg Arg Leu 

35 . 40 45 

lie Trp Glu Lys Asn Leu Lys Tyr He Ser He His Asn Leu Glu Ala 

50 55 60 

Ser Leu Gly Val His Thr Tyr Glu Leu Ala Met Asn His Leu Gly Asp 
65 70 75 80 

Met Thr Ser Glu Glu Val Val Gin Lys Met Thr Gly Leu Lys Val Pro 

85 90 95 

Leu Ser His Ser Arg Ser Asn Asp Thr Leu Tyr He Pro Glu Trp Glu 

100 105 110 

Gly Arg Ala Pro Asp Ser Val Asp Tyr Arg Lys Lys Gly Tyr Val Thr 

115 120 . 125. 

Pro Val Lys Asn Gin Gly Gin Cys Gly Ser Cys Trp Ala Phe Ser Ser 

130 135 140 

Val Gly Ala Leu Glu Gly Gin Leu Lys Lys Lys Thr Gly Lys Leu Leu 
145 150 155 160 

Asn Leu Ser Pro Gin Asn Leu Val Asp Cys Val Ser Glu Asn Asp Gly 



1 9 : 
60 
120 
180 
240 
300 
360 
420 
459 



2 0 
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165 170 175 

Cys Gly Gly Gly Tyr Met Thr Asn Ala Phe Gin Tyr Val Gin Lys Asn 

180 185 190 

Arg Gly He Asp Ser Glu Asp Ala Tyr Pro Tyr Val Gly Gin Glu Glu 

195 200 205 

Ser Cys Met Tyr Asn Pro Thr Gly Lys Ala Ala Lys Cys Arg Gly Tyr 

210 216 220 

Arg Glu He Pro Glu Gly Asn Glu Lys Ala Leu Lys Arg Ala Val Ala 
225 230 235 240 

Arg Val Gly Pro Val Ser Val Ala He Asp Ala Ser Leu Thr Ser Phe 

245 250 255 

Gin Phe Tyr Ser Lys Gly Val Tyr Tyr Asp Glu Ser Cys Asn Ser Asp 

260 265 270 

Asn Leu Asn His Ala Val Leu Ala Val Gly Tyr Gly lie Gin Lys Gly 

275 280 285 

Asn Lys His Trp He lie Lys Asn Ser Trp Gly Glu Asn Trp Gly Asn 

290 295 300 

Lys Gly Tyr He Leu Met Ala Arg Asn Lys Asn Asn Ala Cys Gly He 
305 310 315 320 

Ala Asn Leu Ala Ser Phe Pro Lys Met 
325 

(ii) #*<DM : *f / ADNA 
'(iii) £L 

(iv) r>n^ : /it 

(v) mfrom : 

(vi) jgM : 

(xi) &?IJCDf2® : m&m% : 2 1 



[0 17 9] (2) E^IJ#^ : 2 H 
(i) Wm<D#WL : 

(A) EJ!l<0*S : 2 0&g*f 

(b) sworn : mm 
(o mom : -*« 

(D) F#ni*-:il«R 

CCGAAACGAA GCCAGACAAC 
[0 18 0] (2) EW«# : 2 2 <DflM* : 

(i) mw%m : 

(a) mmo&z : 2 imMM 

(b) wmom : tttt 

(o mom : -#« 

(D) htfaS^:*** 

GCTCACCACA GGTAGCAGCA G 
[0 18 1] (2) mm^r : 2 3 Off « : 
(i) E?ll0W« : 

(a) wttoaz : 2 immn 

(b) wwnmimk 
(o mom : -#« 

(D) h#n$^:MMK 

CTGCTGCTAC CTGTGGTGAG C 
[0 18 2] (2) EM** : 2 4 ©tiMB : 

(i) eaiomft : 

(a) mm<D&$ : 2ommn 

(B) ga^JCDS:^® 

(o mom : -** 

(d) htfvv-inmvt 

CCCAAATTAA ACGCCGAGAG 
[0 18 3] (2) Efll## : 2 5< 



20 

(ii) »f©i : ADNA 

(iii) fitiftU 

(iv) rm^ : *L 

(v) WJf ©§! : 

(vi) )B2S: 

(xi) f&t<DEM : E3J#^ : 2 2 : 

21 

(ii) #*oM : yy ^DNA 

(iii) ffijfc: ftL 

(iv) rmy^ : ftL 

(v) Br* ©M : 

(vi) jB9i : 

(xi) BStVWM : IBJIJ#^ : 2 3 : 

21 

(ii) ft+OW. : ¥ J AD NA 

(iii) : *L 

(iv) : ftb 

(v) mfto®. : 

(vi) aax: 

(xi) ia^lJOf5« : K?IJ#^ : 2 4 : 

20 

(i) £31 < 
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(A) : 2 ommM 

(b) mm<om -. mm 

(C) ©O* : -*m 

(D) hJftoS'-ilIUtt 
(ii) *H-<0i! : y/ADNA 

CTCTCGGCGT TTAATTTGGG 
[0 18 4] (2) EJIJ## : 2 6 OffiSi : 

(i) mm<r»m ■■ 

(A) EHO** : 2 

(B) ffiJUroS!:^ 

(D) h*PS^-:lUl« 

GGTACTTTGA GTCCAGTCAT C 
[0 18 5] (2) G$l#* : 2 7 ©tit# : 

(i) E^roffc® : 

(A) E5IJOS$ : 2 0i££*t 

(B) ffi?IJ©I!:&K 

(o mom ■. -*m 

(D) Ht?ai?-:Eftt 

CCAGACTCTG TCGACTATCG 
[0 18 6] (2) EJIJS* : 2 8 OffiftS- : 

(i) ia?«ro ttft : 

(A) BHOftS : 2 liSS*t 

(b) mm<om •. wm 

(C) : -** 

-(D) h#Pi*-:WM* 

CACATATGGG TAGGCATCTT C 
[0 18 7] (2) EJIJ## : 2 9 roffifS : 

(i) mm<o<m ■. 

(A) BB^Jrog* : 2 l}£S*f 

(B) ffi59©li:t«sK 

(C) m<D& : -** 

(D) h#P5>-:lWMK 

GAAGATGCCT ACCCATATGT G 
[0 18 8] (2) E5US* : 3 0 (Dtfffl 
(i) BHOtttt : 

(A) EJUcO^S : 2 lttStt 

(B) &M<DM:&& 

(C) : -#* 

(D) h#aS*-:||»|* 

GTTACATTAT CGCTATTGCA C 
[0 18 9] (2) Eft** : 3 1 OflNR : 

(A) E?fl©g$ : 2 its*** 

(B) E?U<0l!:giS5 

(o mm : -*« 

(D) h#oS^-:BHtt 

GCAAAGGTGT GTATTATGAT G 
[0 19 0] (2) EJUS*: 3 2<0flHS: 
(i) SE^iJ©^ : 



(iii) : *L 

(iv) rvfty^ : *L 

(v) WfrOffl: 

(vi) jgjg : 

(xi) E^JroiBifc : Eft** : 2 5 : 

20 

(ii) #*<OM: y>ADNA 

(iii) «Jfc: *L 

(iv) T^f-feV^ : £L 

(v) mftOSL: 

(vi) jgflS : 

(xi) Eft£>f2tt : E?!l#* : 2 6 : 

21 

(ii) QfrtoW. : y J ADNA 

(iii) ffijfc: 4L 

(iv) TV^HrV^ : ftL 
(v) 

(vi) 1SM : 

(xi) EftcafB® : Eft#* : 2 7 : 

20 

(ii) frf-om : 4V ADNA 

(iii) «J6: fcb 

(iv) TVftfX : £L 

(v) Wtfroli: 

(vi) &fli : 

(xi) Eft©lB*& : Eft#* : 2 8 : 

21 

(ii) iH-nm : y/ADNA 

(iii) i£j£: £L 

(iv) TVft^ : *L 

(v) grtf^S: 

(vi) igjH : 

(xi) mmo^m ■. gaft#* 2 9 : 

21 

(ii) 3HP©Sh ^ADNA 

(iii) fijt : * L 

(iv) T'Sf-t^'X : fcL 

(v) »fr©Sl': 

(vi) jgH : 

(xi) Eft©!B«fc : Eft#* : 3 0 : 

21 

(ii) : ¥ J ADNA 

(iii) £L 

(iv) r^ft^ : fcL 

(v) «r#0& : 

(vi) jgJS : 

(xi) EftWEfi : Eft** : 3 1 : 

21 

(A) Eft©S$ : 2 lttSftt 

(B) EMwa:gfK 
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(C) fflOgfc : 

(D) h*PS>-:lMMK 

(ii) 4^T-OS: y/^DNA 

(iii) CS: *L 

GCCGTTGTTC TTATTTCGAG C 

[0®Offi¥fttft^] 

[01] t h*f^>yK©^y utf^KBW 
DE?II#»: 1] SrSI". U T 

[02] t h^x^vK^yy u^Kia?o 
Maws*: i] «*1\ ^y^fc^^-e^u t 

[@3] t h^f^^K^yy ^ i/^-f to 

HB5!I##: 1] £*1\ x^yy^J^U T 

[04] t Y%*7"7i/VYL(b#/ u^YWM 
LEWS*: 1] Sr^l". x^yyfc^-e^L, T 

[0 5] t Yi3"r-fi^>K<O^J^%^u^Ymn 

ffijy##: i] 3i*y^Sr*s:*T?«u T 
[0 6] t y%rzf^K<Dtf ; \/*^ymn 

m$m%>- l] £*1" 0 xaryy^t^l, T 

[0 7] t Yl3?-f*sisK<D? J J*X9 

[EJUS*: 1] SrSI". **yvSr*X*T*^U T 

[0 8] t htfT^S^KO^yA^U^KEJO 

[EJUS*: 1] SrS-To ^^y^Sr^cX^^U T 
»«r3K. -Y^bnv*r/hX*-C*1-. 

[0 9] t hA^^WK^^yA^^u^KiBJII 

[EM**: 1] SriST. Vfc*:Jt*-C«U T 

IftfrSK. -Y^ho^Sr/hJC*"C*1-. 

[010] tb^f^K^^P'tf 3i =^ y 
^-^ yhp :/«JM8 J; tflfcfcT 5 y »EJiJ*r«1\ 

[011] th^r/^K^^utf K, ^*y 
y-^ yha ^JMs J; tWSfcT 5 y «E5»J**1-. 

[012] $7"7*sl'K [Efli#*: 2-19] 0« 

Jftfi&W«**1-. 
[013] XTZfi/l/K [EJ0#»: 2-19] 0« 



(iv) :4L 

(v) Brtf OS! : 
(vi) 

(xi) Eyuoi3® : eaw* =32: 

21 

[014] Xr-yisl/K DBRI**: 2-19] OS 
i§W4$®**1- 0 

[015] *f^VK [EW»» : 2-1 9] OS 
3fi»4«**S1\ 

[016] *y^>^K [EM## : 2-19] OS 

saw***-*-. 

[01 7] ^f/^yK [iBJII## : 2- 1 9] 03* 

JSfiMWtfcvl'. 
[018] *^^WK [EM* 1 * : 2—19] OS 

a«<«K**i-. 

[019] *f^/yK CEW#*: 2-19] OS 
5fW#ffi$*1% 

[0 2 0] *r^yK [EJfJ#-§-: 2-19] oS 
[02 1] ^rTV^K OOFO** : 2—19] OS 

JMMtt***-*-. 

[02 2] *7^^K [EM** : 2- 1 9] OS 
3fttt<**fc*1-. 

[02 3] X^-fi/^K HEWI«# : 2 - 1 9] 0« 
[02 4] *t^>^K [£^Jft:2-19] OS 

i§6M$ttSr**1% 

[02 5] >f yhny-i*yy«*t*t 
[02 6] jfr^f^K* th^WS, L, 
H, B % D, E, GftfeOT^f^O 0 2/1^^7^ 

or ^ y wEn0m®fteffttt*r. 

[02 7] *7^>yK, th*7^>ys s L, 

H, B, D, Ex Gft&W£*+¥OC2#y^J 1 K 
or 5 y »E0]©W©«««#«*1-. 

[02 8] t Hj&^^wKoiftter^yBEM** 
I - - 

[02 9] yy ADNASrlii|i1-^fcfeOPCR^7 
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mi] 



[SEQ ID NO. 1] 

GCTyTGGCTCCCAAAGGCCTGGGATTACAGQCGTQAACCACTGCGCCTAG ' 

CCTGTTAGCAGCTCTTAAAATCCAGAGGCATAAGCCTGTATTTTTGAGGG 

TTTATGCATGGAATCCAGCTAGAAACTGAGTCTATTACAGATCCCATTTA 

TTATCCTTTCTATTCCAAGAAGCCTTTTTTTCTCCTTCCCCACATCTGTT 

TATGGAAGAAAATGAAGTTTGGGGTGTGGTTTGAGGAATCAGCTAGATTC 

TTATGATCTGTCACATGCTTGGATGTTGGGGAAGCATTTGGAGAAGCTCA 

TGTGACTTGTCCTAGATTGGGGATTTTAATTGAGACAGATGATGTTTATC ' 

G GG CATCCCACC AC CTGAGAGTTTTAGCAACAG AGTCACATGTGAG TCCA 

TCAGAACTTACGGCATTGATTCAAGTGCTGTCATAAATAACCAGGACTGC 

TGTTTTTGGTTACTTTTAAAGACAGTTTCATCTGGACTTTCTGGGCATAT 

CCTCCTTCAGCAAAACCACATTAGGCTGGGAAAACTATTCTGCCTGGAAG ' 

TAATGACAACTTGCAAC C AACAAGCTTATAAAAATACAAAGAATTCTGGA " 

GCCTATGGCTTCCATCACATTATTCTTTTAra * 

CGCATCCCAGAGGTGAGAGTCAGACACAAATATGAAAATAGGTTTCAATG 

TTGGAGAGGTAAATCCTAACAGGAAAGGGGTAGGAAAAGATATAATCCCC 

CAATATTAAAATAAAGATATTGAAGAAGAAGG ATGGGAG AGAC TAG GGCT 

GTGTCCTTCCTTTTACTCACCAAAAGAGAAAGTAAGCTCCTATTTGAGTC 

AATAGATATTGAGGTCTTGTTATTTGCCACCAAAGACAGTCTTGTGAGAC 

TAAATAGCTAGTAATTCCCTACCCTGGCACACATGCTGCATACACACAGA 

AACACTGCAAATCCACTGCCTCCTTCCCTCCTCCCTACCCTTCCTTCTCT 

CAGCATTTCTATCCCCGCCTCCTCCTCTTACCCAAATTTTCCAGCCGATC 

ACTGGAGCTGACTTCCGCAATCCCGATGGAATAAATCTAGCACCCCTGAT 

GGTGTGCC CACACTTTGCTGCC GAAACGAAGCr AGACAACAGATTTrrAT 

CAGCAGff taacgt t tg caacttccta gatcttttag cttttcattcc 

tgtcaa t tc tctgagta t taggga tgtagtgact tgagga tcacaa taaa 

ctt ttagcc tctgcaga tgaaaacagaga tgcacttc t taggtca 1 1 ccc 

tggctaaataaaatctgcctggaaatctgtagaattccttgtatgattta 
tatatataca taca tga ttgt tagtaaaagcaaagta ta tagggaa teat 

ttccccatccttcaagagtggcctttctgcagtgttttctactttggcca 
acaaggatcaaaacggttaactccttagtgaggaggaggagagtggtatg 
9ggaggtagtagctcagtgcttcctgttcactgagacatctcaaagccct 
taacactctagtttttaaa tgtcctactggacattttgccagtttgcaaa 
attacatgtaaatggactataagcaattgtgtaagccatatgtcatgctg 
caggctgeaaa t tgttcttaaaatggaggatt tgtaa t taagaaagccaa 
tgcaagaaatgagtgaagctaactagagtaaacttatgaaaagctgtgaa 
tttcatcatcatagaacattgcttttcagtctgaacattcttctaacaaa- 
cc t tgga tc tgaggct tcttgtcc 1 1 tgcggcagccacagtgggt 1 1 1 tfl- 
c tgt t aggggaaaa taa aaa acc t tgcccgcagca tc tggt taaga t tag 
ggcagtttcctgcctaaggagggaagggagagaaaaaggaagaagaaatg 
cataaggagaa tgaggagatatacaa tgtctcagaaaacaggaaacattg 
tcctattttcccttgtcctcttctgacaagatctgggaaagtaccagaat 
ttaggcacgaaagagaagaacgcctcgaagaaatgatcaggaagcaaaac 
t tagaeggaaa tctctcc tt tgtgta t tctgaaccccactaccacc t tgc 
tatttgtctg tctccaagcc tgetagggae cctggaggaa aegcactgag 
cccattctga ttgtccagtt tctatccccc atttctggtt gtg'tacgtgt 
gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gagagagaga 
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im2] 



gagacagaga gagaaacaga gagagtgtgt gttgcctaaa tctcccgaga 
gagagagaga' gagagagaga gagagagaga g-agagaaaag agagaaatgg 
ctaaatcccc ctagatcaaa gtccttggaa ccagatgtac cagcatccta 
tctaaacaca ggcccctcct gactatcatt gttttatcac cctttttccg 
tctaccttCc tcttcctcat aaagcctagt tttcctctgt ttccctgcca 
aacggaagag ttttccctaa ctacattctt ctgcagQE&Q TGGGG5CEC&. 
AflflTTCTQCT GflTACCTGTG GTGAGCTTTO CTCTOTftCCC TqAggAgftTA 
PTflflACACCC ^PTfifiQAGCT ftTC-GMGAAG ACCCAC&GGft AGCAATATAA 
CAACAAGg rtgr cctggggtcc tggagggggc atggcaggaa ggctgag 
acctgagctc tctcafcctta gcttccagac tcccttcttc aatccaaatg 
cCttattcca agcaaatcag tccctcttcc ctaactcafcg tfcaacafcacg 
g-ttCtcattc ctatgcttca atcaccctct tgrtcaaactt gtattccttc 
cctttggttt iataagtgtg taacattcct cttttgggaa gagtcccaag 
attaazgctg ttaatccata agcaatttfct ctgtctctcc agagcttgtg 
tggttgttta cacattatct ctcttcttgc aggctcttaa ttccatggtt 
agttccccaa ctaaactgta aacttttatg attgtgagtt tcctttattc 
tcctaaaacc cttcacaata ttacatatga acfcgtagaca gtcfcafcacaa 
gtnctfjacf r r.gt t fcagflTGGATG AAATCTCTCGGCGTTTAATTTGGGA 

a A AAAAPCfrG A & CTATATTTCCATCCAT AACCTTGAGGCTTCTCTTGGTGT CCA 
TAnATATGAA r^rTATfiAArrArrTGGGGGACATGacaaq-tatagcttcagc 
tcctgtcccacctsrcaccatttsrctttasrttccctsrctsratflrcctsrsrcctcttt 

f* f"*" *" f" f" J"*" 1 " *" ^^^ft^AnTGAAGAGGTGGTTCAGAAGATGACTGGACTCAAAGTA 
rrrCTOTCTr^TTrgnGCAGTAATGACA CrCTTTATATCCCAGAAT^ 
AG(^CnAGACT^^GTrGACTAT CGAAAGAAAGGATATGTTACTCCTGTCAAAAATC 
&Sgfc actctccttc cttctgggtg tgcatatgta atctggca 
tgaccttttc ctttttctgc tgctttgttc ttgaggtgaa agggcaccag 
gaaaagaggg caaggaatta aggtacatct ccccattccc attctgttat 
ttaacctcat ttgtttctgt acatttgggt tgtttctggt ttttcfctttt 
cttttccctt tttttttttt tttttttttt gagatagagt ctcactctgt 
cgcccaggat ggagtgcagt ggtgcaatct tggctcactg caacctacac 
ctcccgggtt caagcgattc tcctgcctca gcctcctgag tagctgagat 



-46- 



[03] 



tacaggcacg cgccactacg cctggctaat ttttctattt ttatagagat 

gcgttttcac catgttggcc aggctggtct tgaactgacc tcaggtgatc 

cacptgcctc agcctcccaa agtgctggga t tagagtca t gagcca tcgc 

ggcctggttt ttctttatta caaatagtgt tgcaataagc acccctgtgc 

atatgfcfcfctfc gtgcacatgt acaaatafctfc atgcaaaata agtcctaaaa 

ttggaattgt taggtcacaa ataatccttt cccccccccc aaafcttfcfcfct 

tttttfcfcttg; agracagcgec tctflrtcaccc aggctggagt ccagtggcgc 

aatcatggct cactgcagcc tcaacgtctc aggctcaagt gattctccaa 

cctcagcctc cctagt&gct gggaattaga agcacatgcc accacaccca 

gctaatttca aaaaattctt tgttagagac agggttttgc catgctaccc 

aagctggtct caaattcctg ggctcaagca atctgcccgc ttcggcctcc 

caaagtgcta ggattacaga catgagccac catgcccagc ccaaaaaagt 

ttttgcaatc fctacattctfc actagcafcga gaatgtcagt tttttcacaa 

cccaaacaac acaggattgt atcagcaaga fcaaacaattg atttaacgtt 

catttaacaa acactttttg acccccagaa cctaccagat gcagtqttag 

gcagcagaga ctcaagatga ctaagacaca acctgtgtcc tcaggaaatc 

tcaatctaaa aaaafcagaac aggaaagaaa gaaaaatcta caatctagct 

gcacaaacaa taatagctaa tactttttga gattttattg tttgtcagga 

acttcttaac tctttacatg agtttaaata cttaatccct tataacaata 

ttttatgcat agagaaactg agacacaggc aaattfcagta acttacccgg 

ggtcacatag ctactgggtg gcaaagtcag ggttagctcc caggacaaat 

gcctccacag ctggtactgt gctctgcttt actgtagcta atagtaaaaa 

tggtagcaaa aa tcaa tagc agtagaacag tgcaacaga t at taagcgga 

agaggaagac tcacaacaat gacaacattt gtgctgaaat ttttaagaac 

acatggaatt tccttcagcc gggtagagag aagatataga aatgfcaaaca 

ccaaagattc atagtttctc tgtatecctt teagff.GJCAgTGTGGTTCCTG • 

C. AAAPTCTTA & fir^^QAGT^ rrr^^^rrTAr,TCG^TTGT^TTGTCTGAGAATGft 
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TSGCTGTGGftGgGGGCTAC^^ 

GTfiTTffACTCTGftAGATGCCr rACCrATflTffTGGGACAG ^g " agattgctcc 
acacaattat acagctctgt tggctcctcc ttccccagca tgatgtt 
ttgtactgga aacaattcca gaaatactgt tttctgttat cctatcctgc 
tttcttgatg gaataatttc ccacagaagg ccaagaagat ttccacaatc 
tgggggaatt tagggagctt aagctactat agctcctatt tgcatctctg 
ccatggagag aaaacagagg ctaggctacc taccccatag acttccgagc 
tgggttctat aaccctctgc tcaattcctc actcccacaa caaacccaca 
aacccaccat gctattttca caaattgtgt ggctttattt tatatgatct 
cagtgtgagt tttcagaaca tttcagcaaa ttatgtaagt ttacatgcta 
acatctataa aatgagagaa aaaacaagtf gcttcatata agagataagg 
gattaactca gttcctcctg catgatcctc tagtcatagg aaggaaatca 
tatctgaaag ggaggcaacc tgaggggttt tttatacaca tagggctggg 
tctgatagac aatataatgt agggccttca caacagaaac ctctgaaaca 
gggacagcaa gtttgagaat aaaaatgatg gctactgtgt tctaa^ccgt 
gtccttagtg cattttttct ttttcfctttt ttcatttaat ctcataacaa 
ctctgttapg tagacttatc ttgaatgtat. aggtgaggaa atggacactt 
aaggagataa gacagtataa ttcataccac tagfcafcgtaa caatgtaaga 
tgtatctacc agggatgttt atcttctgca aacattccta ggtatatctc 
ccatgcacat gtgcaagaat ttcttactag gatataatgc cttggaactg. 
aattgtctgg gtcttagggt atgtctgtct tcaactttac tacacaatgt 
caaattgttt gccaaaatat ttggaaaaat ttatacctgc aatgtgtaag- 
aaatcccctt caatcacctt tttatcagta tgrfcttatctg gccatttgca 
tttcttcttc agtgaattaa ctgtttttat ctcttgctca tttgtthttc 
tttttatttt tttgaaatag ggtcttactc tgttgcccaa ggctggagtg 
tggtgataca gtcatagctc actgcagcct ccacttccgg gctcaagcaa 
tcctctcgcc tcagcctccc aaatagctag gatataggtg catgccatca 
tgcccaccaa tttcaaaaaa cctttgaaat tttttttttg taaaagctag 
gcatggtggc tcatgcctgt aa tcccagca ctttgggagg ctgaggtggg 



-48- 



105] 



agga tcgc 1 1 gagcccagga attggaggtc ggcc tga tac aaca tagcaa 

gacctcatct ctacagaaaa aattfctfcaaa agtagccagg tatgatggcg 

tgQatagttc tagctactcc ggaagctggt tgggaggaca acttgagcct 

gggagttcaa ggctgctgtg aactgfcgatc atgtcactgc tctctagcct 

gggtgacaga gtgagaccct gtccccaaaa acaacaaccg ttttfctfctgg 

tagagacaCfc gtctcgctat gttgccaagg ctagtctcaa actcctgggc 

' tcaagcaatc ctcccacctc ccaaagtgct gggattatag atgtaagcca 

ccatgcctgg cctacccttt tttttttttfc ttgaaafcgga agt'tttgctt 

ttgtcaccta ggcttgagtg cagtggcgcg atcttggctc actgcaacct 

ccacctcctg gattcaagca attctcctgc ctcagcctcc tgaatagctg 

ggattatagg cacccgcaac cacgcccggc tagtttttgt atttttagta 

cagacagggt ttcaccatgt tggccagctg gtcttgaacc cctgacctca 

ggtggtccgc ccgcctcggc ctcccaaaat gctgggatta aaagtgtgag 

ccaccatgcc ccacccctta ctcattfctta attggattgt tttttctctt 

tcttagcgat tcttaaaagt ttaaagagaa tatttggata caatactatg 

tatttaaaag ttgaggtctg tcfcttecatt cttctcacga tgtctttcaa 

tctagaaaag ttaattetaa taggcctggc gcggtggctc acgcttgtaa 

tcccagcact ttgggaggct gagatgggtg gatcacaagg tcaggagatg 

aagaccatcc tggctaacat gggtgaaacc ctgtttctac fcaaaaataca 

aaaaaattag ctgggcgtgg tggcaggtgc ctgtagttcc agctactcgg 

gaggctgagg caggagaatg gcgtgaaccc gggaggtgga gcttgcagtg 

agccgagatt gcaccactgc actccagcct gggcaactga gcaagactgc 

gttCcaaaaa aaaaaaaagfc taattfctaat atagtaaaafc tagtaaaagg 

attaattttc cctttgcaat ttttgfcaatg fcgrtfcttattc gtttatgaat 

ggagaaaggt aagaaaaaat aaaacttaaa aaagaagaga tgtggccagg 

tacggtggct cacacctafca atcccagtag tttgggaggc tgaggcaggc 

agatcacttg aggtcaggag tttgagacca gctgggataa catggtgaaa 

ccccatctct actaaaaata caaaaafctag ccaggtgtga ttgcgcacgc 

ttgtaatccc agcaggctga ggcaggagaa ttgcbcgaac tcaggaggca 
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( i3 

gaggttgcag tgagccaaga tcatgccatt gcactccagc ctgggtaaca 
gagactctgt ttcaaaaaaa taaaaagata aaaaaggaag agatctgata 
gggcggccag ataaacattt taaaggggat ggtattataa gtttgttccc 
agcataatgc caggttattc tgactttaaa gtatcatcac at.aatatctt 
tttgagtcaa tttccaagat attctflrtttc acttgtaatt ctp-tp-taatt 
tttggcacca ggaggcatca gggatttgga gcacatggca gaaacaaagg 
catcttgaaa aatatcaagg cagtagacca ctgtaatctt aaaatggcat 
a tcaaa tgct gc ta t tgc tg t taa tattta ga taa tgt ta ga taa tgta t 
ttttttagag ggtatctcac tatcttgcac aggctggagt agagtggcta 
ttc&cagcat gatcacagta . cactaaaggc tcaaactcct gggcacaaac 
aatcctcctg cctcagcctg ctgagtagta gataataagt tottgtggat 
gcaaccttag ggttctgaag gggtagtctg taggaaaatg aattgctgaa 
aagaatacac caccttaaca tgggctatta ttcgattcca taattgtggc 
-ttgccaatga aacattgcta actacctgta aaatatagtg ttggaagtca 
taggctaaat tgctaagttc fcttaatctat tttagtgtct tgctatgtac 
ttttatattt tgtctttgat gagagcacaa ggatcacacc agttcccctg 
atataggtpc agagggccca ggtcttccct ctagctaagc cttggccttg 
gcctcctacc cacacagcag ctggtgcctc cctgccccct gaggctaata 
catactatgc ggccagaaga tggtttatgc tttttaaaaa aafccttatfct 
cagaaatctt tccctactgt tttcctccca cafcttatptc ttaaaacacc 
tgtaggggat tttttttttt tfctttfctete tgagatggag tctcgctctc 
gcccaggctg gagtgcaatg gcgcgatctt ggctcactgc aaggtctgcc 
tcccaggttc acgccattct cctgcctcag cctccccagt agctgggact 
acaggcgccc gctaccacgc ctggctaatt, tttttgcatt tttagtagag 
acagggtttc aqtgttagcc aggatggtct cgatctcctg acctcgtgat 
ccaccctcci cagcctccaa agtgctggga ttaacaggca tggagcccca 
ccgcactggc ctgtafcttgt gaggaagaac agaccctctt tagaagccct 
agactgctgc ctctgttagt tcactggcat cactcaaaat attggttgag 
tttcttactc actgagttgg tttttatgtg tggtggaagg* cgggaatcct 
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cttttcatat tcgttctcat tgcctattgc tttgtcctag tcctattaca 

AATGCAG AGGGTAG AGAG AG ATCCCCG AGGGGAATGAGA AAGCCOTQAAfl Afatqf * ft 
GTGGCCCGAGTGGGACCTGTCTCTGT^ 

CTTCCAGTTTTACAGCAAAG gtaagaagct gctgaiccta tacagcactg 
tcttttatga tacaaacttg atggtttctc gaaggacctt gggtattttc 
agtacttagt ttttgtattc acatggaggt ggccagagag aaattaacaa 
ctgctgcagt atggagcagc atctctgtgg taaaccctcc tgacacggat 
ggaattcttc aaacagtctc ctagactggg agatcccaca gggtgaccct 
tggattgcat agagcctcac gctggtagtt tgtattctag GTGTGtrtt^ 
TGATGAAAGCTGCAATAGCGATAATCTGAACCATGCGGTTTTGGCAGTGGGA.T 1 

ATGGAATCCA GAAGGGAAACAAGCACTGGAT AATTAAAAAC AGcr fcg a fcgra tq 

ggaacactac ttttsrttatt cagtcaccct tttaacactc aaccticacct 
ccagcttccc gatattcctt tctctgtccc aaatcaagaa aaaafctatct 
cagagttctc acttctatct tctcagtcag aggctcttaa tfcctcasrtct 
gacactCaat ggccagtgtg ttagtccatt ttgcattgcc acaaaagaat 
acccgagaft gggtagttta taaagaaacg aggtttgttt ggctatacaa 
agcgtggcac tagtatctgc tcagcctctg atgaggcctc agagchttta 
ctcatggcag aaggcaaaag agggagcagg catgtcacat agtgagagag. 
ggagcaagag agagagggag gtgccgactc ttfcaaagaac cagctcttgc 
atgaactaat agagtgagaa ctcactcatc accaaggcga tggcaccaag 
ccattccatg aggaatccac tctcataacc caaacacctc ccactatgcc 
ccacctccca cattggggat cacatttcag catgagactg ggaggggaca 
cacatccaaa ccaCatccgc cagacaatag tgctcaatta tgtgctgggc 
agatgctccc tgtgtgcaag gtgcttagtg acatacataa accaacgagc 
agatgacacc ttcagtgagc tcagagccca ataagacaga cctaactaac 
catgagataa agcagtacaa agaaccagca ggagctttgg aattacgrtat 
ttttactttc fctfcfcgrfcctcfc aatgtgatca gtttcttaga tggtttccat 
tagcaatctg tc tct aacag taggggagca gcgttaaagg tttaa tat tc 
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ctcctgaaca gtttttttcc ttcaaaatac acttaagata cacgtatata 

agaacttgcc aaagattgtg aagagaaaca ttttttagaa ataagatata 

aacaa&aaaa gttagtgtta ctttcctatg' ttggggaaca aagaaaactc 

cagggtacct Cgcttcccat ttctctttag caccttgtga .cttttgggga 

ggggcagatt gataacaatt atagttttcc ttccctggct gatcaccatt 

aacctggcag cagcactggc fcaaatetccfc gtccttagtg ccctccaagg 

agcaggagcc ctagactctg ggtcgctgac agactcacgc agtggtgttg 

ttcaaacctg aagcaacttt ttatatcaca gttccaactc aaggtgaacc 

tg&gcatctb cccaagtctc ccacagcttc tgtcctgtgt tgtaccttct 

cttgactccc aggtccaagc acttaccctg ttctttcatg atcaggtacc 

atgtgtggag atagcttcca agagagctgg gaggaagaaa ggacacaccc 

gggcaggatc aggaacactg ggggcccctg gagaagggga gagtggggga 

gggtacaggt fcttaaataaa atgtgttggt a&ttagagaa ttgctggttg 

gggaaagagg tctgaaaaca attcaggaag atiaaacaaga caaCctctcc 

tctctcctct ttctcacgtc gtctctcttg tcttctagtc tcgctactca 

tttccttagt aatctcatcc actctcatag tttcatccat ctctcctatg 

gggtttaccc ccaaatcaag atcaccagct tcagcctcct tcttatgctc 

taaactcaca ttttcaagat taatattccc caaatacagc tctgatcata 

tcactctccc actcaaaatc cctcactggc tcctcacgat gatgggtcac 

agagtaaagg tgaagctttt ' taaccttgca gtaaaggtaa ttcaacctga 

tctcaatctg cctttccaga catctctccc actacaccct gttaggcaca 

ctgcttttca gctacatgat cctaacagtg ccccacactt tcctgcctct 

gttgttcatt tcacaccctt ccactggcat ccccttccca caggtcgaaa 

ttctacttag ccttttggct cagctcaaat gccacctctt acatcaagcc 

tctaagafctc tcttgatcag aaggaatctt tccctccttt gatacctaca 

gtactatgcc ttctccctat ttcttgactt fcaaactctfct aaagrtfcaaaa 

aacatcatat tcatttttgt gtaccatcag tacctcgcac aatactcagt 

■aaatatttta atgaataaat aaactgagag tactaagtat ttttcttgat 
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( # 2^*7^ 
Jtf^AflCCAGCCCAAMCG^^ 

GTAACGATGCACTTTGGAAGGGAGTTGGTGTGCTATTTTTGAAGCAGATG 
TGGTCATACT GAGATTOTCTGTT^ • 
fPgCTTCCTAC TTTGCT^ 

TCACTCTCT rarereAM^ 

AGGCTAGATrcTCATTCACGGGACTAGTTAGCT^^ 

TAATCTGAC'TT^TCACTT C CT AAGTTCG CTTCTATATCCTCAAGGTAGAAATGTCT 
ATGTTTTCTArTf'rAATT CATAAATCTATTgATAAGTCTTTG 
GATAAAAAGAAATGTGAT TTGTCTTCCCTTC^ 
ATPTrCTOTCTACAOTl^^ 

T ACTGTGTT AG G TG CTGG AGG AAAAAAG ATG AATAG AAC ATCTTCT ATGTACTTGA 

TGCGCTCACAGTCTGGTTGTAGAGACTGTCACATAAACATTTCATCCCAATTCATT 

TATTTGTTCATTCCTTCAGCCAATATATATTGAGTTCTTACTCTGTGCCAAGAACT 

GTACTACATTTCTGGGATTAAGTGGATATAAG 

GAGATCTCAGTGTTTAATCTGCCTGAGGGGAGACTAAAOT 

TGGGTCTTGAAAAACATTTTAAGGTTATTTTTTCTTTTCTCTCTCTCTC 

CTGTCTTTCTC TCTCTTTCGTCAGGGTCTCCCTCTGTTGCCCAGGCTGGAGTC 

AGTGGCACTCATAGCTCACTGCAGCCTTGATCTCCTGGGCTCAAGAGTTCTTCCCA 

CCTCAGTCTCCTAAGTAGCTTGGACTACGG 
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CDMA CACTCTTTGCTGCCGAAACGAAGCCAGAOUICAGATTTCC^^ 49 

HF 

ATGTGG&GGC TCAAGGTTCTGCTGCTAC CTGTGGTGAGCTTTGCT C TGTACC CTGAGGAG 109 
MWGLKVLLLPVVSFAt#YP E S 

, ) 2F 1R< 4vl-Bf2 

ATACaKWACACCCaCTGGGAGCTATGGAAG^^ 155 
I LDTHWEIiWKKTHRKQYNNK 



GT GGATGAAATCTC T C GGCGTT TAATTTGGGAAAAAAAC CTGAAGT ATATTTCCATCCAT 22 9 
V. DElSRRLlWEKNLKYISrH- 

2R4— >3F 

AACCTTGAGGCTTCTCTTGGTGTCCATACATAT GAACT GCCTATGAACCACCTGGGGGAC 289 
NlrEA-S LGVHTYELAMNHLGD 

ATG^ACCAGTGAAGAGGTGGTTCAGAAGATGACTCGACTCAAAGXACCCCTGTCTCATTCC 349 
M TSEEVVQKMTGLKVPLSHS 

3R4 ■ 

CGCAGTAATGACACCCOTCTATATCCCAGAAa^^ 403 
RSNDTtiYXPEWEGRAPD SVD 

^ATCOAAAGAAAGGATATGOTACTCCTGTa^^ ^ 4 6 9 

YRKKGYV TPVKNQ GQCGS-CW? 

>4F 

GCTrTTAGCTCTGTGGGTGCCCTGGAGGGCCAACTCAAGAAGAAAACTGGCAAACTC 529 
A F S d V GA I*E G Q I* K K'K TG K1#L 

AATCT GAGT CC CCAGAAC CTAG^GGATT GTGT GTCTGAGAAT GAT GGCT GTGGAGGGGGC 589 
W L S PQNLVDCVS EN DG CGGG 

T ACAT GAG CAAT GC CUT C GAATAT GT GCAGAAGAACC GGGGTATTGACTCTGAAGATGCC 64 9 
YMTNA FQYV*QKNRG I DS EDA 

4*1-0*/* 

TACC CATATGT GGGAGAG T GAAGUVGAGTTGTATGTACAAC C CAACAGGCAAGGCAGCTAAA 709 
YPYVGQ EE S C MYNPTGKAAK 
; »s&sr 

TGCAGAGGGTACAGAGAGATCCCCGAGGGGAATGAGAAAGCCCTGAAGAGGGCAGXGGCC 769 
CRGYREI PEGN EKALKRAVA 

CGAGTGGGACCTCTCTCTGTGGCCATTGATGCAAGCCTGACCTCCTTCCAGTTrXACAGC 829 
RVGPVSVAIDASLTSFQFYS 

AAAQ T aTGTGTATTATGATGAA*GCTGCAATAGCGATAATCT 889 
KG VYYDESCNSDNLH HAVLA 
7r n = £ >f P y 7 
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VGYGlQKONKHWriKNS W *G E 

AACT GGGGAAACAAAGGATATATCCTCATCGCTC GAAATAAGAACAACGCCTGTGCCATO? 1009 
N W G N K G Y XLMARNKNNACQI 

7IU i >8F 

GCCAACCTCGCCACCTCOCCCAAGaTCTGACTCCACC^ 10 69 

ANLAS.F PKM 

CCATTTCCTTCCACGATGQTGCAGTGTAACGATGCACTTTGGAAGCCAGTrGGTGTGCXA 1129 
MCTTOAAGCAGATGTGCTGATACTGAOATTGTCT 1189 

1249 



CAGOACTWCCCCTGaCAGCTGTCIACSC^ 13 09 
>9F 

CTGACTGTGOTGTCCCAGGGCTGATGCTGTACACK3XACAOGCfl^^ 13 59 

TTAGATTCTCAXTCACGGGACTACTn^ 1429 

ACTT CTCACTTCCTAAGTT CCC XTCTATATCCTCAAGGTAGAAATGTCTATGTTTTCTAC 1489 

TCCAATTCATAAA!TCTATTCA37AACTCrTTGGTAGAAGTTr^^ <L549 

r PT w TVypr t T'TT'ggT"? CTTT GCACTTTTGAAAT AAAGTATTTATCT CCTGTCTACAGTTT A 1609 



9Rt- 



ATAAAT AGCATCTAGTACACACTCA 1634 



3< tor TTITGTGTTGGATACTGTGTTAGGTGCTC^ 1688 

TTCTATOTACTTGATGCGCTCACAGTCTGGTTGTAGAGACTGTCACATAM 174 8 

CCAATTCATTTATTTGTTCATTC^ 18 0 B 

AGAACTGTACTACATTOCTGGGATTAAGTGGATATAAGGAGATCTCAGTGTCT 1868 

CTCAGGGGAGACTAAATTAAGTGACATGGAAACTTGGGTCTTGAA 19 2 8 

ATTTTTTC1TITCTCTCTCT 1988 

TGTTGCCCAGGCTGGAGTCAGTGGCACTCATA^^ 2048 

CAAGAGTTCTTCCCACCTCAGTCTCCTAAGTAGCTTGGACTACX3G 2108 
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(a) b\mmn [seqidno.2j 

GCTTTGGCTC CCAAAGGCCT GGGATTACAG GCGTGAACCA CTGCGCCTAG 
CCTGTTAGCA GCTCTTAAAA TCCAGAGGCA TAAGCCTGTA TTTTTGAGGG 
TTTATGCATG GAATCCAGCT AGAAACTGAG TCTATTACAG ATCCCATTTA 
TTATCCTTTC TATTCCAAGA AGCCTTTTTT TCTCCTTCCC CACATCTGTT 
TATGGAAGAA AATGAAGTTT GGGGTGTGGT TTGAGGAATC AGCTAGATTC 
TTATGATCTG TCACATGCTT GGATGTTGGG GAAGCATTTG GAGAAGCTCA 
TGTGACTTGT CCTAGATTGG GGATTTTAAT TGAGACAGAT GATGTTTATC 
GGGCATCCCA CCACCTGAGA GTTTTAGCAA CAGAGTCACA TGTGAGTCCA 
TCAGAACTTA CGGCATTGAT TCAAGTGCTG TCATAAATAA CCAGGACTGC 
TGTTTTTGGT TACTTTTAAA GACAGTTTCA TCTGGACTTT CTGGGCATAT 
CCTCCTTCAG CAAAACCACA TTAGGCTGGG AAAACTATTC TGCCTGGAAG 
TAATGACAAC TTGCAACCAA CAAGCTTATA AAAATAGAAA GAATTCTGGA 
GCCTATGGCT TCCATTACAT TATTCTTTTA TAGCCTTTTA TGTTCATTAC 
CGCATCCCAG AGGTGAGAGT CAGACACAAA TATGAAAATA GGTTTCAATG 
TTGGAGAGGT AAATCCTAAC AGGAAAGGGG TAGGAAAAGA TATAATCCCC 
CAATATTAAA ATAAAGATAT TGAAGAAGAA GGATGGGAGA GACTAGGGCT 
GTGTCCTTCC TTTTACTCAC CAAAAGAGAA AGTAAGCTCC TATTTGAGTC 
AATAGATATT GAGGTCTTGT TATTTGCCAC CAAAGACAGT CTTGTGAGAC 
TAAATAGCTA GTAATTCCCT ACCCTGGCAC ACATGCTGCA TACACACAGA 
AACACTGCAA ATCCACTGCC TCCTTCCCTC CTCCCTACCC TTCCTTCTCT 
CAGCATTTCT ATCCCCGCCT CCTCCTCTTA CCCAAATTTT CCAGCCGATC 
ACTGGAGCTG ACTTCCGCAA TCCCGATGGA ATAAATCTAG CACCCCTGAT 
GGTGTGCC 



mi 3] 



(B) .x.* v > 1 [SEQ ID NO. 3] 

CACACTTTGCTGC CGAAACGA^GCCAGACAACAGATTTCCATCAGCAO 

(C) -f > h d > 1[SEQ ID NO. 4] 

gtaacgtttg caacttccta gatcttttag cttttcattc ctgtcaattc 
tctgagtatt agggatgtag tgacttgagg atcacaataa acttttagcc 
tctgcagatg aaaacagaga tgcacttctt aggtcattcc ctggctaaat 
aaaatctgcc tggaaatctg tagaattcct tgrtatsrattfc atatatatac 
atacatgatt gttagtaaaa gcaaagtata tagggaatca tttccccatc 
cttcaagagt ggcctttctg cagtgttttc tactttggcc aacaaggatc 
aaaacggtta actccttagt gaggaggagg agagtggtat ggggaggtag 
tagctcagtg cttcctgttc actgagacat ctcaaagecc ttaacactct 
agtttttaaa tgtcctactg gacattttgc cagtttgcaa aattacatgt 
aaatggacta taagcaattg tgtaagccat atgtcatgct gcaggctgca 
aattgitctt aaaatggagg atttgtaatt aagaaagcca atgcaagaaa 
tgagtgaagc taactagagt aaacttatga aaagctgtga a tt tea teat 
catagaacat tgcttttcag tctgaacatt cttctaacaa accttggatc 
tgaggcttct tgtcctttgc ggcagccaca gtgggttttt gttgtta&gg 
gaaaataaaa aaccttgccc gcagcatctg gttaagatta gggcagtttc 
ctgectaagg agggaaggga gagaaaaagg aagaagaaat gcataaggag 
aatgaggaga tatacaatgt ctcagaaaac aggaaaca tt gtcctatttt 
cccttgtcct- cttctgacaa gatctgggaa agtaccagaa tttaggcacg 
aaagagaaga acgcctcgaa gaaatgatca ggaagcaaaa ettagaegga 
aatctctcct ttgtgtattc tgaaccccac taccaccttg cfcatttgrfccfc 
gtctccaagc ctgctaggga ccctggagga aacgeactga gcccattctg 
attgtccagt tfccfcafccccc catttctggt tgtgtacgtg tgtgtgtgtg 
tgtgtgtgtg tgtgtgtgtg tgtgtgtgtg tgagagagag agagacagag 
agagaaacag agagagtgtg tgttgcctaa atctcccgag agagagagag 
agagagagag agagagagag agagagaaaa gagagaaatg gctaaatccc 
cctagatcaa agtccttgga accagatgta coagcatcct atctaaacac 
aggcccctcc tgactatcat tgttttatca ccctttttcc gtctaccttt 
ctcttcctca taaagectag ttttcctctg tttccctgcc aaatg : gaaga 
gttttcccta' actacattct tetgeag 
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(D) x+y>2 [SEQ ID NO. 5] 

GATGTGGGGGCTCAAGGTTCTGCTGCTACCTGTGGTGAGCTTTGCTCTGTA 
CCCTGAGGAGATACTGGACACC CAC TGGGAGCTAT GGAAGAAGACC CACA 
GGAAGCAATATAACAACAAG 

{£} *f > h o > 2 [SEQ ID NO. 6] 

gtgcctgggg tcctggaggg ggcatggcag gaaggctgag acctgagctc 
tctcatctta gcttccagac tcccttcttc aatccaaatg ctttattcca 
agcaaatcag tccctcttcc ctaactcatg ttaacatacg gttttcattc 
etatgettea atcatcctct tgtcaaactt gtattccttc cctttggttt 
tataagtgtg taacattcct cttttgggaa gagtcccaag attaatgetg 
ttaatccata agcaattttt ctgtctctcc agagcttgtg tggttgttta 
catattatct ctcttcttgc aggctcttaa ttccatggtt agttccccaa 
ctaaactgta aacttttatg attgtgagtt tcctttattc tcctaaaacc 
cttcacaaf:a ttacatatga actgtagaca gtctatacaa gtactgacta 
tgcfcttg-ttt ag 

(F) x+y>3 [SEQ ID NO. 7] 

GTGGATGAAA.TCTC TCGGC GTTTAft/TTTGGGAAAAAAAC CTGAAGTATATTTCCAT 

CCATAACCTTGAGGCTTCTCTTGGTGTCCATACATATGyUlCTG^ 

TGGGGGACATG 

(G) >f > h a V 3 [SEQ ID NO. 8] 

gcaagtatag cttcagctcc tgtcccacct gcaccatttg ctttagttcc 
ctgctgatgc ctggcctctt tcttctttgt cttag 
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(H) x*y>4 [SEQ ID NO. 9] 

ACCAGXGAAGAGGTGGTTCAGAAGA.TGACTGGACTCAAAGTACCCCTGrCTCATTC 

CCGCAGTAATGACACCCTTTATATCCCAGAAT^ 

TCGACTATCGAAAGAAAGGATATGTTACTCCTGTCAAAAATCAG 

(I) -f>hu>4 [SEQIDNO.10] 

gtactctcct ttcttctggg tgtgcatatg taatctggca tgaccttttc 
ctttttctgc tgctttgttc ttgaggtgaa agggcaccag gaaaagaggg 
caaggaatta aggtacatct ccccattccc attctgttat ttaacctcat 
ttgtttctgt acatttgggt tgtttctggt ttttcttttt cttttccctt 
ttfctfcttfcfcfc tttttttfctfc gagatagagt 'ctcactctgt cgcccaggat 
g-g-agtgcagt ggtgcaatct tggctcactg caacctacac ctcccgggtC 
caagcgattc tcctgcctca gcctcctgag tagctgagat tacaggcacg 
cgccactacg cctggctaat fctttctattt fctafcagagafc gcgttttcac 
catgttggcc aggctggtct tgaactgacc tcaggtgatc cacctgcctc 
agrcctcccaa agtgctggga ttagagtcat gagccatcgc ggcctggttt 
fctctttatfca caaatagtgt tgcaataagc acccttgtgc atatp-ttttt 
gtgcacatgt acaaatafctt atgcaaaata agtcctaaaa ttggaattgt 
taggtcacaa ataatccttt cccccccccc aaafctfcfcfctt ttfcfcfcfcfcfcfcgr 
agacagcgtc tctgtcaccc aggctggagt ccagtggcgc aatcatggct 
cactgcagcc ttaacgtctc aggctcaagt gattctccaa cctcagcctc 
cctagtagct gggaattaga agcacatgcc accacaccca firctaatttta 
aaaaattttfc tgttagagac agggttttgc catgctaccc aagctggtct 
caaattcctg ggctcaagca atctgcccgc ttcggcctcc caaagtgcta 
ggattacaga catgagccac catgcccagc ccaaaaaagt ttttgcaatc 
ttacattctt actagcatga gaatgtcagt tfctfctcacaa cccaaacaac 
acaggattgt atcagcaaga taaacaattg atttaacgtt cattfcaacaa 
acactttttg acccccagaa cctaccagat gcagtgttag gcagcagaga 
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ctcaagatga ctaagacaca acctgtgtcc tcaggaaatc tcaatctaaa 
aaaatagaac aggaaagaaa gaaaaatcta caatctagct gcacaaacaa 
taatag'ctaa tactttttga gattttattg tttgtcagga acfctcfctaac 
tctttacatg agtttaaata ttfaatccct fcataacaafca ttttatgcat 
agagaaactg agacacaggc aaatttagta acttacccgg ggtcacatag 
ctactgggtg gcaaagtcag ggttagctcc caggacaaat gcctccacag 
ctggtactgt gctctgcttt actgtagcta atagtaaaaa tggtagcaaa 
aatcaatagc agtagaacag tgcaacagat attaagcgga agaggaagac 
tcacaacaat gacaacattt gtgctgaaat ttttaagaac acatggaatt 
tccttcagcc gggtagagag aagatataga aatgtaaaca ccaaagattc 
atagtttctc tgtatccctt tcag 

(j) y > 5 [SEQ ID NO. 11] 

GGTCAQTGTGGCTCCTGTTGGGCTTTTAGCTCTGXGGGTGCCCTGCAGGGCC^Ul 
CTCAAGAAGAAAACTGGCAAACTCTTAAAT^ 

TGTGTCTG^GAATGATGGCTGTGGAGGGGGCTACATC 

TGCR.GAAGAACCGGGGTATTGACTCTGAA.GATGCCTACCCATATGTGGGACAG 
(K) 4 > h □ > 5 [SEQ ID NO. 12] 

gtg&gattgc tccacacaat fcafcacagctc fcgrtfcggrcfccc tccttcccca 
gcatgatgtt ttgtactgga aacaattcca gaaatactgt tttctgrtfcat 
cctatcctgc tttcttgatg gaataatttc ccacagaagg .ccaagaagat 
ttccacaatc tgggggaatt tagggagctt aagctactat agctcctatt 
tgcatctctg ccatggagag aaaacagagg ctaggctacc taccccatag 
acttccgagc tgggttctat aaccctctgc tcaattcctc actcccacaa 
caaacccaca aacccaccat gctattttca caaattgtgt ggctttattt 
tatatgatct cagtgtgagt tttcagaaca tttcagcaaa ttafcgtaagfc 
ttacatgcta acatctataa aatgagagaa aaaacaagtt gcttcatata 
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agagataagg gattaactca gttcctcctg catgatcctc tagtcatagg 
aaggaaa tea* Late tgaaag ggaggcaacc tgaggggttt tttatacaca 
taggg'ctggg tctgatagac aatataatgt agggecttea caacagaaac 
ctctgaaaca gggacagcaa gtttgagaat aaaaatgatg gctactgtgt 
tetaagcegt gtccttagtg cattttttct ttttcfctttt fctcafctfcaat 
ctcataacaa ptcCgttagg tagacttatc ttgaatgtat aggtgaggaa 
atggacactt aaggagataa gacagtataa ttcataccac tagtatgtaa 
caatgtaaga tgtatctacc agggatgttt atettctgea aacattccta 
ggtatatctc ccatgcacat gtgcaagaat ttcttactag gatataatgc 
cttggaactg aattgtctgg gtcttagggt atgtctgtct tcaactttac 
tacacaatgt caaattgttt gecaaaatat ttggaaaaat tbatacctgc 
aatgtgtaag aaatcccctt caatcacctt tttatcagta tgtttatctg 
gecatttgea tttcttcttc agfcsraafctaa cfcgrtttttat ctcttgctca 
tttsrtttttc tfctttatttt tttgaaatag ggtcttactc tgttgcccaa 
ggctggagtg tggtgataca gtcatagctc actgcagcct ccacttccfg 
gctcaagcaa tcctctcgcc tcagcctccc aaatagctag gatataggtg 
catgccatca tgcccaccaa tttcaaaaaa cctttgaaat tttttttttg- 
taaaagrctagr gcatggtggc teatgectgt aatcccagca ctttgggagg 
ctgaggtggg aggatcgett gageccagga attggaggtc ggectgatae 
aacatagrcaa gacctcatct cfcacagaaaa aattttfcaaa agtagecagg 
tatgatggcg tgcatagttc tagctactcc ggaagctggt tgggaggaca 
acttgagect gggagttcaa ggctgctgtg aactgtgatc atgtcactgc 
tctctagcct gggtgacaga gtgagaccct gtccccaaaa ncaacaaccg 
tttcttttgg tagagacatt gtctegctat gttgecaagg ctagtctcaa 
actcctgggc 'tcaagcaatc ctcccacctc ecaaagtget gggattatag 
atgtaagcca ccatgcctgg cctacccttt tttttttttt ttgaaatgga 
agttttgctt ttgtcaccta ggcttgagtg cagtggcgcg atcttggctc 
actgcaacct ccacctcctg gattcaagca attctcctgc ctcagcctcc 
tgaatagctg ggattatagg cacccgcaac cacgcccggc tagtttttgt 
atttttagta cagacagggt ttcaccatgt tggccagctg gtcttgaacc . 
cctgacctca ggtggtccgc ccgcctcggc ctcccaaaat gctgggatta 
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1^ V<1 m *77 1 ^ 

aaagtgtgag ccaccatgcc ccacccctta ctcattttta attggattgt 
tttttctctt tcttagcgat tcttaaaagt ttaaagagaa tatttggata 
caatactatg tatttaaaag ttgaggtctg tctttccatt cttctcacga 
tgtctttcaa tctagaaaag fctaattttaa taggcctggc gcggtggctc 
acgcttgtaa tcccagcact ttgggaggct gagatgggtg gatcacaagg 
tcaggagatg aagaccatcc tggctaacat gggtgaaacc ctgtttctac 
taaaaataca aaaaaattag ctgggcgtgg tggcaggtgc ctgtagttcc 
agctactcg'g gaggctgagg caggagaatg gcgtgaaccc gggaggtgga 
gcttgcagtg agccgagatt gcaccactgc actccagcct gggcaactga 
gcaagactgc gtttcaaaaa aaaaaaaagt taattttaat atagtaaaat 
tagtaaaagg attaattttc cctttgcaat ttttgtaatg tgttttattc 
gfctfcatgaat ggagaaaggt aagaaaaaat aaaatfcfcaaa aaagaagaga 
tgtggccagg tacggtggct cacacctata atcccagtag tttgggaggc 
tgaggcaggc agatcacttg aggtcaggag tttgagacca gctgggataa 
catggtgaaa ccccatctct actaaaaata caaaaattag ccaggtgtga 
ttgcgcacgc ttgtaatccc agcaggctga ggcaggagaa ttgctcgaac 
tcaggaggca gaggttgcag tgagccaaga tcatgccatt gcactccagc 
ctgggtaaca gagactctgt ttcaaaaaaa taaaaagafca aaaaaggaag 
agatctgata gggcggccag ataaa.cattt taaaggggat ggtattataa 
gtttgttccc agcataatgc caggttattc tgactttaaa gtatcatcac 
ataatatcfct tttgagtcaa tttccaagat attctgtttc acttgtaatt 
ctgtgtaatt tttggcacca ggaggcatca gggatttgga gcacatggca 
gaaac&aagg catcttgaaa aatatcaagg cagtagacca ctgtaatctt 
aaaatggcat atcaaatgct gctattgctg ttaatattta gataatgtta 
gataatgtat ttttttagag ggtatctcac tatcttgcac aggctggagt 
agagtggcta ttcacagcat gatcacagta cactaaaggc tcaaactcct 
gggcacaaac aatcctcctg cctcagcctg ctgagtagta gataataagt 
tcttgtggat gcaaccttag ggttctgaag gggtagtctg taggaaaatg 
.aattgctgaa aagaatacac caccttaaca tgggctatta ttcgattcca 
taattgtggc ttgccaatga .aacattgcta actacctgta aaatatagtg 
ttggaagtca taggctaaat tgctaagttc tttaatctafc tttagtgtct 
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\3 \^<n ?r f ^ 

tgttatgtac ttttatattt tgtctttgat gagagcacaa ggatcacacc 
agttccccCg atataggtgc agagggccca ggtcttccct ctagctaagc 
cttggccttg gcctcctacc cacacagcag ctggtgcctt cctgccccct 
gaggctaata catactatgt ggccagaaga tggtttatgc ttttfcaaaaa 
aatefcfcafcfct cagaaatctt tccctactgt tttcctccca catttatgtc 
ttaaaacacc tgtaggggat fcfcfcfcttttte tttttttttt tgagatggag 
tctcgctctc gcccaggctg gagtgcaatg gcgcgatctt ggctcactgc 
aaggtctgcc tcccaggttc acgccattct cctgcctcag cctccccagt 
agctgggact acaggcgccc gctaccacgc ctggctaatt tttttgcatc 
tttagtagag acagggtttc actgttagcc aggatggtct cgatctcctg 
acctcgtgat ccaccctcct cagcctccaa agtgctggga ttaacaggca 
tggagcccca ccgcactggc ctgtatttgt gaggaagaac agaccctctt 
tagaagccct agactgctgc ctctgttagt tcactggcat cactcaaaat 
attggttgag tttcttactc actgagttgg tttttatgtg tggtggaagg 
cgggaatcct cttttcatafc tcgttctcat tgcctattgc tttgtcctag 
tcctattaca atcttgtttc ttccag 

(L) **7>6[SEQIDN0.13J 
GAAGAGAJSTTGTATGTACAACC^ 

AGAGATC CCC GAGGGGAATGAGAAAGCCCTGAAGAGGGCAGTGGCCCGAGTGGGAC 
CTGTCTCTGTGGCCATTGATGCAAGCCTGACCTCCrTCC^GTTTTACAGCAAAG 

(M) -f >hn>6 [SEQIDN0.14] 

gtaagaagct gctgatccta tacagcactg tcttttatga tacaaacttg 
atggtttctc gaaggacctt gggtattttc agtacttagt ttttgtattc 
acatggaggt ggccagagag aaattaacaa ctgctgcagt atggagcagc 
atctctgtgg taaaccctcc tgacacggat ggaattcttc aaacagtctc 
ctagactggg agatcccaca gggtgaccct tggattgcat agagcctcac 
gctggtagti tgtattetag . 
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(N) x* y > 7 [SEQ ID NO. 15] 

GTGTGTATTATGATGiUU^GCTGCAATAGCGATAATCTGAACCATGCGGTTTTGGCA 
GTGGGATATGGAATC CAGAAGGGAAACAAGCACTGGATAATTAAAAACAG 

(O) -f>hn>7 [SEQIDN0.16I 

gfcaadgatgg gaacacfcact tfctgttattc agfccaccctt ttaacactca 
acctcacctc cagcttcccg atafcfccctfcfc cfcctgfcccca aatcaagaaa 
aaattatct cagagttctc acfctctafcct tcfccagtcag aggcfccfcfcaa 
ttctcagtct gacacfctaat ggccagtgtg ttagtccatt ttgcattgcc 
acaaaagaat acccgagact gggtagttta taaagaaacg aggttfcgttt 
ggctatacaa agcgtggcac tagtatctgc tcagcotctg atgaggcctc 
agagctttta ctcatggcag aaggcaaaag agggagcagg catgtcacat 
agtgagagag ggagcaagag agagagggag gtgccgactc tttaaagaac 
cagccctcgc atgaactaat agagtgagaa ctcactcatc accaaggcga 
tggcaccapg ccattccatg aggaatccac tctcataacc caaacacctc 
ccactatgcc ccacctccca cattggggat cacatttcag catgagactg 
ggaggggaca cacatccaaa ccatatccgc cagacaatag tgctcaatta 
tgtgctgggc agatgctccc tgtgtgcaag gtgcttagtg acafcacafcaa 
accaacgagc agatgacacc ttcagtgagc tcagagccca ataagacaga 
cctaactaac catgagataa agcagtacaa agaaccagca ggagctttgg 
aattacgtat ttttactttc ttttgfcctcfe aafcgtgatca gtttcttaga 
tggtttcc&t fcagcaatctg tctttaacag taggggagca gcgttaaagg 
ttc'aataccc cttttgaaca gtttttttcc ttcaaaafcac acfcfcaagata 
cacgtatata agaacttgcc'aaagattgtg aagagaaaca ttttfctagaa 
ataagatata aacaaaaaaa gttagtgtta ctfctcctatg tfcggggaaca 
aagaaaactc cagggtacct tgcttcccat ttctctttag caccttgtga 
cttttgggga ggggcagatt gataacaatt atagttttcc tttcctggct 
gatcaccatt aacctggcag cagcactggc taaafcctcct gtccttagtg 
ccctccaagg agcaggagcc ctagactctg ggtcgctgac agactcacgc 
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agtggtgttg ttcaaacctg aagcaacttt ttatatcaca gttccaactc 
aaggtgaacc tgagcatctt cccaagtctc ccacagcttc tgtcctgtgt 
tgtcccttct cttgactccc aggtccaagc acttaccctg ttctttcatg 
atcaggtacc atgtgtggag atagcttcca agagagctgg gaggaagaaa 
ggacacaccc gggcaggatc aggaacactg ggggcccctg gagaagggga 
gagtggggga gggtacaggt fcttaaataaa atgtgttggt aattagagaa 
ttgctggttg gggaaagagg tctgaaaaca attcaggaag ataaacaaga 
caatctctcc tctctcctct ttctcacgtc gtctctcttg tcttctagtc 
tcgctactca tttccttagt aatctcatcc actctcatag tttcatccat 
ctctcctatg gggtttaccc ccaaatcaag atcaccagct tcagcctcct 
tcttatgctc taaactcaca ttttcaagat taatattccc caaatacagc 
tctgatcata tcactctccc actcaaaatc cctcactggc tcctcacgat 
gatgggtcac agagtaaagg tgaagctttt taaccttgca gtaaaggtaa 
ttcaacctga tctcaatctg cctttccaga catctctccc actacaccct 
gttaggcaca ctgcttttca gctacatgat cctaacagtg ccccacactt 
tcctgcctct gttgttcatt tcacaccctt ccactggcat ccccttccca 
caggtcgaaa ttctacttag ccttttggct cagctcaaat gccacctctt 
acatcaagcc tctaagattc tcttgatcag aaggaatcct tccctccttt 
gatacctaca gtattatgcc ttctccctat ttcttgactt taaactcttt 
aaagttaaaa aacatcatat tcatttttgt gtacpatcag tacctcgcac 
aatactcagt aaatatttta afcgaafcaaafc aaactgagag tactaagtat 
ttttcttgat tggtcttaca g . . 

(P) x*-y>8 [SEQIDN0.17] 

CTGG<^AGAkAACTGGGGAAACAAAGGAT^ 

ACGCCTGTGGCATTGCCAACCTGGCCAGCTTCCCCAAGAITG End Coding 
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(Q) 3' #MRE9J cDNA [SEQIDN0.18] 

TGACTCCAGCCAGCCCAAATCCATCGTGCTCTTCCATTTCCTTCCACGATGGTG 

CAGTGTAACGATGCACTTTGGAAGGQAGTTGGTGTGCTATTTTTGAAGCAGATGTG 

GTGATACTGAGATTGTCTGTTCAGTTTCCCCAWTGTTTGTGCTTCAAATQATCCT 

TCCTACTTTGCTTCTCTCCACCCATGACCTXTTTCCACTGTGGCCATCAGGACTTT 

CCCCTGACAGCTCTGTAC TCTTAGGCTAAGAGATGTGACTACAGCCTGCCC CTGAC 

TGrGTTGTCCCAGGGCTGATGCTGTACAGGTACAGGCTGGAGATTTTCACATAGGT 

TAGATTCTCATTCACGGGACTAGTTAGCTTTAAGCACCCTAGAGGACTAGGGTAAT 

CTGACTTCTCACTTCCTAAGTTCCCCTCXATATCCTCAAGGTAGAAATGTCTATGT 

•TTTC^ACTCCAATTC^TAAATCTATTCATAAGTCTCT 

AAAAGAAATGT.GATTTGTCTTCCCTTCTTTGCACTTTTGAAATAAAGTArTTATCT 
CCTGTCTACAGTTTAATAAATAGCATCTAGTACACATrCA 

(R) cDNA<DSSffl#0 3' timfffl [SEQ ID NO. 19] 

TTTTGTGTJG GATACTGTGT TAGGTGCTGG AGGAAAAAAG ATGAATAGAA 
CATCTTCTAT GTACTTCATG CGCTCACAGT CTGGTTGTAG AGACTGTCAC 
ATAAACATTT CATCCCAATT CATTTATTTG TTCATTCCTT CAGCCAATAT 
ATATTGAGTT CTTACTCTGT GCCAAGAACT GTACTACATT TCTGGGATTA 
AGTGGATATA AGGAGATCTC AGTGTTTAAT CTGCCTGAGG GGAGACTAAA 
TTAAGTGACA TGGAAACTTG GGTCTTGAAA AACATTTTAA GGTTATTTTT 
TCTTTTCTCT CTCTCTCGCT CTGTCTTTCT CTCTCTTTCG TCAGGGTCTC 
CCTCTGTTGC CCAGGCTGGA GTCAGTGGCA CTCATAGCTC ACTGCAGCCT 
TGATCTCCTG GGCTCAAGAG TTCTTCCCAC CTCAGTCTCC TAAGTAGCTT 
GGACTACGG 
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HucncatK 
RabOC-2 
HumcatS 
IIumcatL 
HumcatH 
HumcalU 
HumcatD 
HumcatE' 
HumcatC 



HW GLKVLLLPW SFA.LYPEEI 
HW GLKVLLLPW 5 FA. LUPEEI 
LVCVLLVCSS AVAQLHKOPT 
ILAAFCLGIA S.ATLTFDKS 
HWATLPLLCA GAWLLOVPVC CAAEL5VN5L 



. . .HKA 
. HNPTL 



.HQ? S5LLPLALCL LAAPASALVR 
.MKT LLLLLLVLLE LGEAQGSLHR 
• HQ? LLLLLAFLLP TCAEAGEI.. 



LOTHWELWKK 
LOTQWELWKK 
LDHHWKLWKK 
LEAQWTKWKA 
EKFHFKSWM5 
...MWQLWAS 
IPLIIKFTSIfl 
VPLRRHPSLK 



!i0 

TllUKQYNIIKV 
TYSKQYWJ5KV 
TYGKQYKEKH 
HilMltt.y .CMH 

RiTitRT-y::r. . 

LCCM.VLAIIA 
UTM?;i:vf:t:;;i/ 

KKI.UAItKg. !, 
ICC UK 



UutncatK 
RabOC-2 
HumcatS 
HumcatL 
HumcatK 
HumcatD 
HumcatD 
HumcatE 
Humcatc 



HumcatK. 
nabOC-2 
HumcatS 
HumcatL 
Huroca'tH 
HumcatO 
HumcatD 
HumcatE 
HumcatG 



SI 

DSISRRL.IW 
DEISRRL.IH 
EEAVRRL. IH 
EEGWRRA.VW 
EEXHHRLQTF 
RSRPSFHPV5 
EDLIAKGPVS 
SEFWKSHNLO 
SRPHSRPYMA 

101 

TGLKVPLSHS 
TGLKVPPSRS 
SSLRVP.SQW 
NGFQ. . . NRK 
L.WSEPQNCS 

CdPK 

TWFDTGSSN 
TVIFDTGSSN 
NVTLC 



EKNLKYISrH 
EKHLKHISIK 
EKNLKFVHLH 
EKNKKHIELH 
A5NWHKINAH 
DELVNYVNKR 
KrSQAVPAVT 
HIQFTESCSH 
YLQIQSPACQ 



NLEASLGVHT 
NLEASLGVHT 
NLEH5HGMK5 
NQEYREGKKS 
N....NGNHT 
NTTWQAGHNF 
EGPXPEVLKN 
DQSAKEPLIN 
SRCC C 



YELAMNHLCD 
YELAMNHLCD 
YOLGHNHLGD 
FTHAKNAFGD 
FKHALNQFS13 
YNVDMSYLKR 
X.KDAQXYGE 
Y.LDHEYFGT 
F.LVREDFVL 



RSNDTLYIPE 
HSNDTLYIPD 
QRKIT.YKSH 
PRKGKVFQEP 
ATKSNYLRGT 
PPQRVMFTED 
LWVPSIHCKL 
LWVPSVYCT. 



WECRAP.OSV 
WEGRTP.OSI 
PNRILP.DSV 
LFYEAP.RSV 
. .GPYP.P.SV 
LKLPASFDAR 
LOXACWIHHK 
-SPACKTIISR 
. . . AHNIQRR 



DYRKXG.YVT 
DYRXKC . YVT 
DWREKG.CVT 
DWREKG . YVT 
DWRKKCNFV5 
EQWPQCPTXK 
YH50K5 . .ST 
FQPSQS. .ST 
ENTQQH. .IT 



HumcatK 
FlabOC-2 
HumcatS 
HumcatL 
lluracatH 
HumcatD 
HumcatD 
NuwcacE 
HumcatG 



HumcatK 
RabOC-2 
J -tunica tS 
HumcatL 
HumcatH 
HumcatB 
HumcatD 
HumcatE 
HumcatG 



151 

CWAFSSVCAL 
OTAFSSVGAL 
CHAFSAVGAI* 
CWAFSATGAL 
CWTFSTTGAL 
CHAFGAVEAI 
HKCSGSLSCX 
QYGTGSLSGI* 
QYNQRTIQND 

201 

KTNAFQXVQft 
KTNAFQYVQR 
KTTAFQYIID 
HOXAFQYVQD 
PSQAFEYXLX 
PAEAWNF.WT 
IAAKFDGIL. 
VDAEFDGIL, 
RPGTLCTVA* 



EGQLKKKTGK 
EGQLKKKTGK 
EAQLKJLKTOK 
EGQHFRKTOR 
B5AXAXATGK 
SORICIHTHA 
L5Q0TVSVPC 
IGADQV5V.. 
IMLLQLSim « 



LLN..LSPQN 
LLN..LSPQN 
LVS. . LSAQN 
LIS. .LSEQN 
MLS. .LAEQQ 
HV5VEVSAJBD 
QSASSASALG 
E 



LVDCV5E • . . 
LVDCVSE... 
LVDCSTEKXG 
LVDC«SGPQG 
LVDC, AQDFN 
LLTCCGSHCG 
CVKVERQVFG 
GLTWGQQFG 
. VRRNRNVNP 



100 

HTtfBKWQKH 
HT5BBVVQRM 
HTSBBVMSLH 
MTSEKFHQVH 
HSKAF.l KI1KY 

LCCTb'l 

XGXGTWQCF 
ISIGSIM'QMF 
TAAIICWGSH1 

PVK^QGQCGS 
PVKNQCQCCIS 
EVKYQGSCCA 
PVKMQGQCCS 
PVKHQGACC'j; 
EXilDQGSCC;.? 
YVKHGT/iFlU 

Ysyi»(:y;;K:;i 

ARnAJIt- .IIP 

NY...CCGGGY 
HK. .GCIfCGK 

NY, •GC^GGI. 

d. . .iicw;t;r 

EATKQIMMTF 
ESVTKPIHITF 
VAUMtAVKt;:. 



?».() 

NRCXDSEDAY J»YVc:QEB 

NRCIOSEOAY ; PYVUQUfi 

NKCIDSDASY 1'YKAHDU 

NGCLDSEESY ; PYEATEE 

NRCIKCEDTY PYQGKDG 

RKGLVSGOLY ESHVOCRPYS IPPCEmCVNO shPl'CTOKKU 
. ♦CKAYPRIS VMMVLPVFDK tHQQKLVDQM IFSFYUSilDP 
..GLGYPSLA VGOVTPVFDN HHAQKLVDLP HFSVYH.'SJiKI* 
..C.WCnVS HRRGTDTLRE VQLRVQROHQ CUUI'iJKVUI* 
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251 

HumcatK SCK VNPTCKAAK CRGYREIPEG 

RabOC-2 SCH , .YNPTGKAAK CRGYREIPEG 

HumcatS KCQ. . Y05KYRAAT CSKYTELPYG 

HumcatL SCK YNPKYSVAN DTGFVDIPK. 

Ilumcatll YCK FQPCKAIGF VKDVANITIY 

IlurocatO TPKCSKICSP GYSPTYKQDK HYGYNSYSVS 

HumcatD DAQPGGELKL GGT05KYYKG SLSYLNVTRK 

HumcatE EGGAG5ELIF GGYDHSKFSG SLNWVFVTKQ 

Humca tC RRQ ICVCDR 



N.EKALKRAV 
N.EKALKRAV 
R.EDVLKEAV 
Q.EKALMKAV 
D.EEAMVEAV 
NSEKDIHAEI 
AYWQVHLDQV 
RYWQIALDNI 
RERKAAFK - . 



.ton 

Aitvr;i»v;;vA) 

AltVCI'VSVAi 

ankgi'vsvcv 
atvc;im;;vai 

ALYIN'VSKAK 
YKfKH'VKKAF 
EVAttCl.TJ.CK 

QVt;trrvHR;s 
cnsircNxcii 



HumcatK 

RabOC-2 

HumcatS 

HumcatL 

HumcatH 

HumcatD 

HumcatD 

HumcatE 

HuracatG 



301 

dasltsfqfy 

DASLTSFQFY 
DARHPSFFLY 
DAGHESFLFY 
EVTQO.FHMY 
SV.Y5DFLLY 
EGCEA. . • IV 
EGCQA. . .IV 
NVAHG . . .IV 



SKGVTYDESC 
SKGVYYDENC 
RSCVYYEPSC 
KSGIYFEPDC 
RTCIYSST5C 
K5GVYQKVTC 
DTGTSLKVGP 
DTGTSLITGP 
SYGKSSGVPP 



. . NSONLNHA 
. .SSDNVNHA 
. . . TQMVNHG 
. . SSEDHDHG 
HKTPOKVNHA 
EMMGG...HA 
VDEVRELQKA 
SDRIKQLQNA 
.... EVFTRV 



VLAVGYGIQ. 
VLAVGYGIQ. 
VLWGYCDL . 
VLWGYCFES 
VLAVCYG.. . 
IRILGWGVE. 
IGAVPLIQGE 
IGAAP.VOGE 
SSFLPWIRTT 



. . .KCNKHW1 
. . . KCNKIIWJ 
. . . NGKKYWl. 
TESDNHKYWI. 
.EKMf;ri'VWI 

. . .wrriyrwi. 

YHIl'CKKVST 
YAVECAHLNV 
HU SFKI. 



HumcatK 
Raboc-2 
HumcatS 
HumcatL 
HumcatH 
HumcatO 
HumcatD 
HumcatE 
HurncaLC 



351 

IK NS 

IK NS 

VK NS 

VK NS 

VK NS 

VA. NS 

LPAITLKLCC 
HPDVTFTrNG 
LDQHETPL. . 



WGENWGNKGY 
WGESWCNKCY 
WGHNFGEECY 
WGEEWCHGGY 
WGPQWGHNGY 
WNTDWGDNGF 
KGYKLSPED* 
VPYTLSPTAY 



ILHARNKNNA 
ILKARNKNNA 
IRMAKWKGNH 
VXKAKORRNH 
FLIERGK.NM 
FKILRCQ.DH 
TLKVSQACKT 
TLLDFVOGKQ 



CGIAN. . LAS 
CCIAN* . LAS 
CGIAS. .FPS 
GGIAS. • AAS 
CGLAA. .CAS 
CCIESEVVAC 
LCLSGFHGHD 
FCSSCFQCLD 



FPKM 

FPKM. , . . 

YPEI 

YPTV 

YP1PLV 

IlUlTUtlVWRK 
IPVVRCWMl 

jiiim*ai:km.wi 



HumcatK 

RabOC-2 
HumcatS 
HumcatL 
HumcatH 
HumcatD 
HumcatD 
HumcatE 
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[5EQIDNOi20] 

HWO L K *V L L L P V V fi f X 1 T P E E 
ILDTHWBLWKXTHaKQYMNK, 
VDBlfiRRLItrartTLEYISTH' 
HfcBAfitGV. KTYttLAHNKLCO; 
tt TSEBVVQCKTOOKVPLSaS 
RStfDTLYIPK tf.B ORAPP8VD 
YRRKOYVT. PVIITQ OQC06CH 
JkrflSVOALECQLK'KXTCXLL,. 
WLBPQSLVDCVfl BRPQCGOO 
THTHAFQTVQKITROIDEEDA 
Y P Y V G Q tESCHYHPTQKAAJC 
CROYREZ PECHEKALKEAVA 
RVGPV5VAIOASLTSFQFY8 
KG VYYDESCN8DHLKHAVLA 
VQYOXQEaHKHWIIJCBS HOB 
BtTGHXaYILKARHEHlfACaX. 
AKLA STPEK 
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(S'to 3M 


eBNA ttB 




1 


CCGAAACaAAGCCAGACAAC (S) 
OCTCACCACAG OTAG CAGCAG (AS) 


x*y >i 


• SBQIDNO.:21 
SEQIDKO.^2 


2 


■ CTO CTGCTACCrOTOOTG AG C (S) 
CCCAAATTAAACG CCG AO AG (AS) 


x*y>3 


SEQXDND.^3 
SEQIDNO.,-24 


3 


CTCTCGGCGTTTAATTTOGO (S) 
GGTACTTTQAOTCCAGTCATC (AS) 


x4 s -V>3 


SHQIDNO.^5 
SEQIDNO.:26 


4 


CCAGACTCTQTCGACTATCO (S) 
CACAT ATG G GTAGGCATCTTC (AS) 


x+7>4 
x*y>5 


SEQDDNO.:27 
S6QIDNO.:2B 


5&6 


GAAGATGGCTACCCATATGXG (S) 
GTTA CATTATCOCTATTGCAC (AS) 


x+y> 5 

x+«y>7 


SEQIDNO.a9 
3EQIDNO.:30 


7 


GCAAAG GTGTGTATT ATGATO (S) 

CKX^rix/i7riTATrrcaAoc(AS) 


x*y> 7 

X*7>8 


SEQIDNOtfl 
SEQIDNOJ32 
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CATHEPSIN K GENE 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Application No, 60/019,942 filed June 
5 14, 1996, US. Provisional Application No. 60/020,273 filed June 17. 1996 and U.S. 
Provisional Application No. 60/026.083 filed August 26, 1996, 

This invention relates, in part, to newly identified polynucleotides and 
polypeptides; variants and derivatives of the polynucleotides and polypeptides; processes 
10 for mating the polynucleotides and the polypeptides, and their variants and derivatives; 

agonists and antagonists of the polypeptides; and uses of the polynucleotides, polypeptides, 
variants, derivatives, agonists and antagonists. In particular, in these and in other regards, 
the invention relates to polynucleotides and polypeptides of human cathepsin K, especially 
genomic sequences of cathepsin K, and most especially promoter and intronic sequences. 

15 

BACKGROUND OF THE INVENTION 

' Bone resorption involves the simultaneous removal of beta the mineral and the organic 
constituents of the excracellular matrix. This occurs mainly in an acidic phagolysosome-likc 
extracellular «>rnpartinent covered by the ruffled border of osteoclasts. Barron, et al., J. Cell 

20 BidU 101:2210-22, (1963). Osteoclasts are rauhmucleate giant cells that play key roles in bone 
resorption. Attached to the bone surface, osteoclasts produce an acidic micn>environmerit 
between osteoclasts and bone matrix.' In this acidic rnicroenvironrnent, bone minerals and 
organic components are soiubilized. Organic components, mainly type-I collagen^' are thought to 
be solubilized by protease digestion. There is evidence that cysteine proteinases may play an 

25 important role in the degradation of organic components of bone. Among cystei ne proteinases, 
carhepsins.B, L, H, and S can degrade type-I collagen in the acidic condition. Etherington, D J. 
Btecfeni J., 127, 685-692 (1972). Cathepsin L is the most active of the lysosomal cysteine 
proteases with regard to its ability to hydroiyze azocasein, elastin, and collagen. 

. Cathepsins are proteases that function in the normal physiological as well as 

30 pathological degradation of connective tissue, Cathepsins play a major role in intracellular 
protein degradation and turnover, bone remodeling, and prohormone activation. Marx, J I-., 
Science. 235:285-286 (1987). C?athepsin B t H,L and Sane ubiquitously expressed lysosomal 
cysteine proteinases that telong'to foe papam sup^ They are found at constitutive levels . 
in many tissues m the human including kidney, iivcr, lung and splcca Some pathological roles 

1 
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of cathepsins include an involvement in glomerulonephritis, arthritis, and cancer metastasis. 
Sloan, BJF„ andHonn, KV., Cancer Metastasis Rev., 3:249-263 (1984). Greatly elevated levels 
of cathepsin L and B tnRNA and protein are seen in tumor cells. Cathepsin L mRNA is also 
induced in fibroblasts treated with tumor promoting agents and growth factors. Kane. S.R and 
5 Gottesman, M.M. Cancer Biology, 1:127-136 (1990). 

The gene expression and cellular content of a nqn-cysteine protease, cathepsin D, in 
Alzheimer's disease brain showed evidence for early up-rcgulation of the endosomal- 
lysosomal system. Cataldo AM r et al„ Neuron, 1995, 14 (3), 671-680). * 

In vitro studies on bone resorption hove shown that cathepsins L and B may be involved 
10 in the remodelling of this tissue. These lysosomal cysteine proteases digest extracellular matrix 
proteins such as elastin, laininin, and type I collagen under acidic conditions. Osteoclast cells 
require this activity to degrade the organic matrix prior to bone regeneration accomplished by 
osteoblasts. Several natural and synthetic inhibitors of cysteine proteinases have been effective 
in inhibiting the degradation of this matrix. 
15 The isolation of cathepsins and their role in bone resorption has been the subject of an 

intensive study. OC-2 has recently been isolated from pure osteoclasts from rabbit bones. Hie 
OC-2 was found to encode a possible cysteine proteinase structurally related to cathepsins L and 
S. Tezuka. K,> et al, J. Biol. Chem.. 269:1 106-1 10* (1994). 

An inhibitor of cysteine proteinases and collagenase, Z-Phe-Ala-CH^ has been studied 
20 for its effect on the resorptive activity of isolated osteoclasts and has been found to inhibit 
resorption pits in dentine. Delalsse, JM. et al„ Bone, 8:305-3 1 3 (1987). Also, the effect of 
human recombinant cystatin C, a cysteine proteinase inhibitor, on bone resorption in vitro has 
been evaluated, and has been shown to sigmficantly inhibit bone resorption which has been 
stimulated by parathyroid hormone. Lerner, TJ.H. and Grabb Anders, journal of Bone and 
25 Mineral Research, 7;433-439» (1989). Further, a cDNA clone encoding the human cysteine 

protease cathepsin L has been recombinantly manufactured and expressed at high levels in £ coll 
in a T7 expression system. Recombinant human procathepsin L was successfully expressed at 
high levels and purified as both procathepsin L arid active processed cathepsin' L forms. 
Information about the possible function of the propeptide in cathepsin L folding and/or 
3 0 processing and about the necessity for the light chain of the enzyme for protease activity was 
obtained by expressing and purifying mutant enzymes carrying structural alterations in these 
regions. Smith, S.M. and Gottesman, M.M., J. Bio Chem., 264:20487-20495, (1989). There 
has also been reported the expression of a functional human cathepsin S in Saccharomyces 
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cerevlsiae and the characterization of the recombinant enzyme. Bromine, D. et aJ., J. Biol. 
Chem., 26S:4S32-4B38 (1993). 

SUMMARY OF THE INVENTION 

5 Toward these ends, and others, it is an object of the present invention to provide 

polypeptides, inter alia, that have been identified as novel cathepsin K by homology 
between the amino acid sequence set out in Figure 5 and known amino acid sequences of 
other proteins such as rabbit OC-2 arid human cathepsin O cDNA. Tezuka, K., et aL. J. Biol. 
Cheirt, 269:1106-1 109, (1994). 
10 It is a further object of the invention, moreover, to provide polynucleotides that 

encode cathepsin K, particularly polynucleotides that encode the polypeptide herein 
designated cathepsin KL . 

In a particularly preferred embodiment of this aspect of the invention the 
polynucleotide comprises the region encoding human cathepsin K in the sequence set out in 
15 Figure 1 [SEQ ID NO: 1] or in the genomic DNA (herein "gDNA") in ATCC deposit No. 
98035 (referred to herein as the deposited clone). 

In accordance with this aspect of the invention there are provided isolated nucleic 
acid molecules encoding human cathepsin K, including mRNAs, cDNAs, genomic DNAs 
and, in further embodiments of this aspect of the invention, biologically, diagnostlcally, 
20 clinically or therapeutically useful variants, analogs or derivatives thereof, or fragments 
thereof, including fragments of the variants, analogs and derivatives. 

Among the particularly preferred embodiments of this aspect of the invention are 
naturally occurring allelic variants of human cathepsin K. 

It also is an object of the invention to provide cathepsin K polypeptides, 
25 particularly human cathepsin K polypeptides, that cause or are associated with disease, for 
example, osteoporosis, Pager's disease, Gaucher's disease, CNS inflammation, Alzheimer's 
disease, hyperparathyroidism, bone degradation, metastatic tumors, rhemuatoid arthritis, 
osteoarthritis, peridontal disease and degradation of bone implants and bone protheses, 
particularly dental implants. 
30 In accordance with this aspect of the invention there are provided novel 

polypeptides of human origin referred to herein as cathepsin K as well as biologically, 
diagnostically or therapeutically useful fragments, variants and derivatives thereof, variants 
and derivatives of die fragments, and analogs of the foregoing. 

3 
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Among the particularly preferred embodiments of this aspect of the invention are 
variants of human cathepsin K encoded by naturally occurring alleles of the human 
cathepsin K gene. 

It is another object of. the invention to provide a process for producing the 
5 aforementioned polypeptides, polypeptide fragments, variants and derivatives, fragments of 
the variants and derivatives, and analogs of the foregoing. 

In a preferred embodiment of this aspect of the invention there are provided 
methods for producing the aforementioned cathepsin K polypeptides comprising culturing 
host cells having expressibly incorporated therein an exogenously-derived human cathepsin 
10 K-encoding polynucleotide under conditions for expression of human cathepsin K in the 
host and then recovering the expressed polypeptide. 

In accordance "with yet another object of the invention there are methods to 
determine drug responsiveness of individuals having or suspected of haying a defect in the 
cathepsin R gene. 

15 In accordance v/ith yet another object the invention there are provided products, 

compositions, processes and methods that utilize the aforementioned polypeptides and 
polynucleotides for research, biological, clinical and therapeutic purposes, inter alia. 

In accordance with certain preferred embodiments of this aspect of the invention, 
there are provided products, compositions and methods, inter alia, for, among other things: 

20 assessing cathepsin K expression in cells by determining cathepsin K polypeptides of 
cathepsin K-encoding mRNA or hnRNA in vitro, ex vivo or in vivo by exposing cells to 
cathepsin K polypeptides, polynucleotides or antibodies as disclosed herein; assaying 
genetic variation and aberrations, such as defects, in cathepsin K polynucleotides, genes and 
gene control sequences; and administering a cathepsin K polypeptide or polynucleotide to 

25 an organism to augment cathepsin K function or remediate cathepsin K dysfunction, 

In accordance with certain preferred embodiments of this and other aspects of the 
invention there are provided probes that hybridize specifically to human cathepsin K 
sequences. 

In certain additional preferred embodiments of this aspect of the invention' there are 
30 provided antibodies against cathepsin K polypeptides. In certain particularly preferred 
embodiments in this regard, the antibodies are highly selective for human cathepsin K. 

In accordance with another aspect of the present invention, there are provided 
cathepsin K agonists. Among preferred agonists are molecules that mimic cathepsin K, that 
bind to cathepsin K-binding molecules or receptor molecules, and that elicit or augment 
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cathepsin K-induced responses. Also among preferred agonists axe molecules that interact 
with cathepsin K or cathepsin K polypeptides, or with other modulators of cathepsin K 
activities, and thereby potentiate or augment an effect of cathepsin K or more than one 
effect of cathepsin K. 

5 In accordance with yet another aspect of the present invention, there are provided 

cathepsin K antagonists. Among preferred antagonists are those which mimic cathepsin K 
so as to bind to cathepsin K receptor or binding molecules but not elicit a cathepsin 
K-induced response or more than one cathepsin K-induced response. Also among preferred 
antagonists are molecules that bind to or interact with cathepsin K so as to inhibit, an effect 
10 of cathepsin K or more than one effect of cathepsin K 

The agonists and antagonists may be used to mimic, augment or inhibit the action 
of cathepsin K polypeptides. They may be used, for instance, to treat osteoporosis. Paget' s 
disease, Gaucher' s disease, CNS inflammation, Alzheimer's disease, hyperparathyroidism, 
bone degradation, metastatic tumors, and degradation of bone implants and bone protheses, 
15 particularly dental implants. Such antagonists may be particularly useful to treat 

osteoporosis, Paget' s disease, Gaucher** disease, Alzheimer's disease, hyperparathyroidism, 
bone degradation, metastatic tumors, CNS inflammation, rhctnuatoid arthritis, 
osteoarthritis, periodontal disease and degradation of bone implants and bone protheses, 
particularly dental implants. 
20 In a further aspect of the invention there are provided compositions comprising a 

cathepsin K polynucleotide or a cathepsin K polypeptide for administration to cells in vitro, 
to cells ex vivo and to cells in vivo, or to a multicellular organism. In certain particularly 
preferred embodiments of this aspect of the invention, the compositions comprise a 
cathepsin K polynucleotide for expression of a cathepsin K polypeptide in a host organism 
25 for treatment of disease. Particularly preferred in this regard is expression in a human 
patient for treatment of a dysfunction associated with aberrant endogenous activity of 
cathepsin K or to provide therapeutic. 

Other objects, features, advantages and aspects of the present invention will become 
apparent to those of skill from the following description. It should be understood, however, 
30 that the following description and the specific examples, while indicating preferred 

embodiments of the invention, are given by way of illustration only. Various changes and 
modifications within the spirit and scope of the disclosed invention will become readily 
apparent to (hose skilled in the art from reading the following description and from reading 
the other parts of the present disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings depict certain embodiments f the invention. They are 
illustrative only and do not limit the invention otherwise disclosed herein. 

Figure 1 shows the genomic nucleotide sequence of human cathepsin K. [SEQ ID 

5 NO: 1]. Exons are capitalized and underlined. Intron sequence is in lower case letters. 

Figure 2 shows the nucleotide, exon-intron boundaries and deduced amino acid 

sequence of human cathepsin K. 

Figure 3 (A - S) shows structural features of cathepsin K {SEQ ID NO: 2- 1 9]. 

Figure 4 shows the intron-exon junctions. 
10 Figure 5 shows the regions of similarity between amino acid sequences of cathepsin 

K, human cathepsins S, L, H, B, D, E, G and rabbit OC2 polypeptides. 

Figure 6 shows the deduced amino acid sequence of human cathepsin K. 

Figure 7 shows the PCR primers to amplify genomic DNA. 

15 GLOSSARY 

the following illustrative explanations are provided to facilitate understanding of 
certain terms used frequently herein, particularly in the examples. The explanations are 
provided as a convenience and are not limitative of the invention. 

DIGESTION of DNA refers to catalytic cleavage of the DNA with a restriction 
20 enzyme that acts only at certain sequences in the DNA. The various restriction enzymes 
referred to herein are commercially available and their reaction conditions, cofactors and 
other requirements for use are known and routine to the skilled artisan. 

For analytical purposes, typically, 1 Jig of plasmid or DNA fragment is digested 
with about 2 units of enzyme in about 20 ml of reaction buffer. For the purpose of isolating 
25 DNA fragments for plasmid construction, typically 5 to 50 jtg of DNA are digested with 20 
to 250 units of enzyme in proportionately larger volumes. 

Appropriate buffers and substrate amounts for particular restriction enzymes are 
described in standard laboratory manuals, such as those referenced below, and they are 
specified by commercial suppliers. 
30 Incubation times of about 1 hour at 37°C are ordinarily used, but conditions may 

vary in accordance with standard procedures, the supplier's instructions and the particulars 
of the reaction. AJter digestion, reactions may be analyzed, and fragments may be purified 
by electrophoresis through an agarose or poly aery lamide gel, using well known methods 
that are routine for those skilled in the art. 
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GENETIC ELEMENT generally means a polynucleotide comprising a region that 
encodes a polypeptide or a region that regulates transcription or translation or other 
processes important to expression of the polypeptide in a host cell, or a polynucleotide 
comprising both a region that encodes a polypeptide and a region opcrably linked thereto 
5 that regulates expression. 

Genetic elements may be comprised within a vector that replicates as an episomal 
element; that is, as a molecule physically independent of the host cell genome. They may 
be comprised within mini-chromosomes, such as those that arise during amplification of 
transfected DNA by methotrexate selection in eukaryotic cells. Genetic elements also may 
10 be comprised within a host cell genome; not in their natural state but, rather, following 
manipulation such as isolation, cloning and introduction into a host cell in the form of 
purified DNA or in a vector, among others. 

IDENTITY means the degree of sequence relatedness between two polypeptide or 
two polynucleotides sequences as determined by the identity of the match between two 
15 strings of such sequences. Identity can be readily calculated While there exist a number of 
methods to measure identity between two polynucleotide or polypeptide sequences, the 
term "identity" is well known to skilled artisans {Computational Molecular Biology, Lesk, 
A.M., ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and 
Genome Projects* Smith, D.W., ,ed^ Academic Press, New York, 1993; Computer Analysis 
20 of Sequence Data, Part I f Griffin, A.M., and Griffin, H.G., eds., Humana Press, New Jersey, 
1994; Sequence Analysis in Molecular Biology \ von Heinje, G., Academic Press, 1987; and 
Sequence Analysis Primer. Gribskov, M. and Devereux, J., eds., M Stockton Press, New 
York, 199 1). Methods commonly employed to deterrnine identity between two sequences 
include, but are not limited to disclosed in Guide to Huge Computers, Martin J. Bishop, ed., 
25 Academic Press, San Diego, 1994. and CariUo, H., and Lipman, D., SIAM J. Applied 
Math., 48; 1073 (1988). Preferred methods to determine identity are designed to give the 
largest match between the two sequences tested. Such methods are codified in computer 
programs. Preferred computer program methods to determine identity between two 
sequences include, but are not limited to, GCG program package (Devereux, J., et al., 
30 Nucleic Acids Research 12(1); 387 (1984)), BLASTP, BLASTN, FASTA (Atschul, S.F. et 
al., 1 Molec. Biol 215: 403 (1990)). 

ISOLATED means altered "by the hand of man" from its natural state; i.e., that, if 
it occurs in nature, it has been changed or removed from its original environment, or both. 
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For example, a naturally occurring polynucleotide or a polypeptide naturally 
present in a living animal in its natural state is not "isolated," but the same polynucleotide 
or polypeptide separated from some or all of the coexisting materials of Its natural is 
"isolated", as Ihe term is employed herein. 
5 As part of or following isolation, such polynucleotides can be joined to other 

polynucleotides, such as DNAs, for mutagenesis, to form fusion proteins, and for 
propagation or expression in a host, for instance. The isolated polynucleotides, alone or 
. joined to other polynucleotides such as vectors, can be introduced into host cells, in culture 
or in whole organisms. Introduced into host cells in culture or in whole organisms, such 
10 DNAs still would be isolated, as the term is used herein, because they would not be in their 
naturally occurring form or environment Similarly, the polynucleotides and polypeptides 
may occur in a composition, such as a media formulations, solutions for introduction of 
polynucleotides or polypeptides, for example, into cells, compositions or solutions for 
chemical or enzymatic reactions, for instance, which are not naturally occurring 
15 compositions, and, therein remain isolated polynucleotides or polypeptides within the 
meaning of that term as it is employed herein. 

LIGATION refers to the process of forming phosphodiester bonds between two or 
more polynucleotides, which most often are double stranded DNAs. Techniques for 
ligation are well known to the art and protocols for ligation are described in standard 
20 laboratory manuals and references, such as, for instance, Sambrook et al M MOLECULAR 
CLONING, A LABORATORY MANUAL, 2nd Ed; Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York (1989) and Maniatis et ai, pg. 146, as cited below. 

OLIGONUCLEOTIDE^) refers to relatively short polynucleotides. Often the term 
refers to single-stranded deoxyribonucleotides, but it can refer as well to single-, double-, or 
25 triple-stranded ribonucleotides, antisense polynucleotides, RNA:DNA hybrids and 
• double-stranded DNAs, among others. 

Oligonucleotides, such as single-stranded DNA probe oligonucleotides, often are 
synthesized by chemical methods, such as those implemented on automated oligonucleotide 
synthesizers. However, oligonucleotides can be made by a variety of other methods, 
30 including in vitro recombinant DNA-rnediated techniques and by expression of DNAs in 
cells and organisms. 

Initially, chemically synthesized DNAs typically are. obtained without a 5' 
phosphate. The 5' ends of such oligonucleotides arc not substrates for phosphodiester bond 
formation by ligation reactions that employ DNA llgases typically used to form 
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recombinant DNA molecules. Where ligation of such oligonucleotides is desired, a 
phosphate can be added by standard techniques, such as those that employ a kinase and 
ATP. 

The J end of a chemically synthesized oligonucleotide generally has a free 
5 hydroxy! group and, in the presence of a Kgase, such as T4 DNA iigase, readily will form a 
phosphodiester bond with a 5' phosphate of another polynucleotide, such as another 
oligonucleotide. As is well known, this reaction can be prevented selectively, where 
desired, by removing the 5* phosphates of the other polynucleotide^) prior to ligation. 
PLASMIDS generally are designated herein by a lower case letter p preceded 
1 0 and/or followed by capital letters and/or numbers, in accordance with standard naming 
conventions that are familiar to those of skill in the art 

Starting plasmids disclosed herein are cither commercially available, publicly available on 
an unrestricted basis, or can be constructed from available plasmids by routine application 
of well known, published procedures. Many plasmids and other cloning and expression 
15 vectors that can be used in accordance with the present invention are well known and 

readily available to those of skill in the art. Moreover, those of skill readily may construct 
any number of other plasmids suitable for use in the Invention. The properties, construction 
and use of such plasmids, as well as other vectors, in the present invention will be readily 
apparent to those of skill from the present disclosure. 

20 POLYNrUCLEOHDE(S) generally refers to any polyribonucleotide or 

polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or 
DNA. Thus, for instance, polynucleotides as used herein refers to, among others, 
single-and double-stranded DMA, DNA that is a mixture of single-and double-stranded 
regions, single- and double-stranded RNA, and RNA that is mixture of single- and 

25 double-stranded regions, hybrid molecules comprising DNA and RNA that may be 
single-stranded or, more typically, double-stranded or a mixture of single- and 
double-stranded regions. 

• In addition, polynucleotide as used herein refers to triple-stranded regions 
comprising RNA or DNA or both RNA and DNA. The strands in such regions may be 

30 from the same molecule or from different molecules. The regions may include all of one or 
more of the molecules, but more typically involve only a region of some of the molecules. 
One of the molecules of a triple-helical region often is an oligonucleotide. 

As used herein, the term polynucleotide includes DNAs or RNAs as described 
above that contain one or more modified bases. Thus, DNAs or RNAs with backbones 

9 
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modified for stability or for other reasons are "polynucleotides" as that term is intended 
herein. Moreover, DNAs or RNAs comprising unusual bases, such as inosine, or modified 
bases, such as tritylated bases, 10 name just two examples, are polynucleotides as the term is 
used herein. 

5 It will be appreciated that a great variety of modifications have been made to DNA 

and RNA that serve many useful purposes known to those of skill in the art The term 
polynucleotide as it is employed herein embraces such chemically, enzymatically or 
mclabolically modified forms of polynucleotides, as well as the chemical forms of DNA 
and RNA characteristic of viruses and cells, including simple and complex cells, inter alia, 
10 POLYPEPTIDES, as used herein, includes all polypeptides as described below. 

The basic structure of polypeptides is well known and has been described in innumerable 
textbooks and other publications in the art In this context, the term is used herein to refer 
to any peptide or protein comprising two or more amino acids joined to each other in a 
linear chain by peptide bonds. As used herein, the term refers to both short chains, which 
15 ako commonly ore referred to in the art as peptides, oligopeptides and oligomers, for 
example, and to longer chains, which generally are referred to in the art as proteins, of 
which there are many types. 

It will be appreciated that polypeptides often contain amino acids other than the 20 
amino acids commonly referred to as the 20 naturally occurring amino acids, and that many 
20 amino acids, including the terminal amino acids, may be modified in a given polypeptide, 
either by natural processes, such as processing and other post-translational modifications, 
but also by chemical modification techniques which are well known to the art Even the 
common modifications that occur naturally in polypeptides are too numerous to list 
exhaustively here, but they are well described in basic texts and in more detailed 
25 monographs, as well as in a voluminous research literature, and they are well known to 

those of skill in the art. Among the known modifications which may be present in 

polypeptides of the present are, to name an illustrative few, acetylation, acylation, 
ADP-ribosylation, amidation, covalent attachment of flavin, covalerit attachment of a heme 
moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent attachment of 
30 a lipid or lipid derivative, covalent attachment of phosphptidylinositol, cross-linking, 
cyclization, disulfide bond formation, demethylation, formation of covalent cross- links, 
formation of cystine, formation of pyroglutamate, formylation, gamma-carboxylation, 
glycosylation, GPI anchor formation, hydroxy ialion, iodination, methylation, 
myristoylation, oxidation, proteolytic processing, phosphorylation, prenylation, 

10 
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racemization, selenoylation, sulfation, transfer-RNA mediated addition of amino acids to 
proteins such as arginyiation, and ubiquitination. 

Such modifications are well known to those of skill and have been described in 
great detail in the scientific literature. Several particularly common modifications. 
5 glycosylate, lipid attachment, sulfation, gamma-carboxylation of glutamic acid residues, 
hydroxy larion and ADP-ribosylation, for instance, are described in most basic texts, such 
as, for instance PROTEINS • STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., 
T. E. Creighton, W. H. Freeman and Company, New York (1993). Many detailed reviews 
are available on this subject, such as, for example, those provided by Wold, F., 
10 Posttranslational Protein Modifications: Perspectives and Prospects, pgs. 1-12 in 
POSTTRANS LAHONAL COVALENT MODIFICATION OF PROTEINS, B. C. 
Johnson, Ed., Academic Press, New York ( 1983); Scifter et aL, Analysis for protein 
modifications and nonprotein cofactors, Meth. EnzymoL 1B2: 626-646 (J 990) and Rattan et 
al. v Protein Synthesis: Posttranslational Modifications and Aging, Ann. N.Y. Acad. ScL 
15 663:48-62(1992). 

It will be appreciated, as is well known and as noted above, that polypeptides are 
not always entirely linear. For instance, polypeptides may be branched as a result of 
ubiquitination. and they may be circular, with or without branching, generally as a result of 
posttranslation events, including natural processing event and events brought about by 
20 human manipulation which do not occur naturally. Circular, branched and branched 

circular polypeptides may be synthesized by non-translation natural process and by entirely 
synthetic methods, as well, 

Modifications can occur anywhere in a polypeptide, including the peptide 
backbone, the amino acid side-chains and the amino orcarbojcyl termini In fact, blockage 
25 of the amino or carboxyl group in a polypeptide, or both, by a covalent modification, is 
common in naturally occurring and synthetic polypeptides and such modifications may be 
present in polypeptides of the present invention, as well. For instance, the amino terminal 
residue of polypeptides made in E. coli t prior to proteolytic processing, almost invariably 
will be N-formylmcthioninc, 
30 The modifications that occur in a polypeptide often will be a function of how it is 

made. For polypeptides made by expressing a cloned gene in a host, for instance, the nature 
and extent of the modifications in large part will be determined by the host cell 
posttranslational modification capacity and the modification signals present in the 
polypeptide amino acid sequence. For instance, as is well known, glycosylation often does 
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not occur in bacterial hosts such as £ coli. Accordingly, when giycosylation is desired, a 
polypeptide should be expressed in a glycosylating host, generally a eukaryotic cell. Insect 
colls often carry out the same posttranslational glycosylations as mammalian cells and, for 
this reason, insect cell expression systems have been developed to express efficiently 
5 mammalian proteins having native patterns of glycosylation, inter alia. Similar 
considerations apply to other modifications. 

It will be appreciated that the same type of modification may be present in the same 
or varying degree at several sites in a given polypeptide. Also, a given polypeptide may 
contain many types of modifications, 
10 .In general, as used herein, the term polypeptide encompasses all such 

modifications, particularly those that are present in polypeptides synthesized by expressing 
. a polynucleotide in a host celL 

VARIANT^) of polynucleotides or polypeptides, as the term is used herein, are 
polynucleotides orpolypeptides that differ from a reference polynucleotide or polypeptide, 
1 5 respectively. Variants in this sense are described below and elsewhere in the present 
disclosure in greater detail. 

(1). A polynucleotide that differs in nucleotide sequence from another* reference 
polynucleotide. Generally, differences are limited so that the nucleotide sequences of the 
reference and the variant are closely similar overall and, in many regions, identical. 
20 As noted below, changes in the nucleotide sequence of me variant may be silent. 

That is, they may not alter the amino acids encoded by the polynucleotide. Where 
alterations are limited to silent changes of this type a variant will encode a polypeptide with 
the came amino acid sequence as the reference. Also as noted below, changes in the 
nucleotide sequence of the variant may alter the amino acid sequence of a polypeptide 
25 encoded by the reference polynucleotide. Such nucleotide changes may result in amino acid 
substitutions, additions, deletions, fusions and truncations in the polypeptide encoded by 
the reference sequence, as discussed below. 

C2) A polypeptide that differs in amino acid.sequence from another, reference 
polypeptide. Generally, differences are limited so that the sequences of the reference and 
30 the variant are closely similar overall and, in many region, identical. 

A variant and reference polypeptide may differ in amino acid sequence by one or 
more substitutions, additions, deletions, fusions and truncations, which may be present in 
any combination. 



RECEPTOR MOLECULE, as used herein, refers to molecules which bind or 
interact specifically with cathepsin K polypeptides of the present invention, including not 
only classic receptors and enzymatic substrates, both of which ore preferred, but also other 
molecules that specifically bind to or interact with polypeptides of the invention (which also 
5 may be referred to as "binding molecules" and "interaction molecules/' respectively and as 
"cathepsin K binding molecules" and "cathepsin K interaction molecules." These cathepsin 
K binding molecules also include, for example, cathepsin K substrate analogs. Binding 
between polypeptides of the invention and such molecules, including receptor or binding or 
interaction molecules may be exclusive to polypeptides of the invention, which is very 

10 highly preferred, or it may be highly specific for polypeptides of the invention, which is 
highly preferred, or it may be highly specific to a group of proteins that includes 
polypeptides of the invention, which is preferred, or it may be specific to several groups of 
proteins ai least one of which includes polypeptides of the invention. 

Receptors also may be non-haturally occurring, such as antibodies and 

15 antibody-derived reagents that bind specifically to polypeptides of the invention. 

DESCRIPTION OF THE INVENTION 

The present invention relates to novel cathepsin K polypeptides and 
polynucleotides, among other things, as described in greater detail below. In particular, the 

20 invention relates to polypeptides and polynucleotides of a novel human cathepsin K, which 
is related by amino acid sequence homology to rabbit OC-2 and human cathepsin O cDNA. 
Tezuka, BL, et aL t J. Biol. Chem., 269:1 105-1 109, (1994). The invention relates especially to 
cathepsin K having the nucleotide sequences set oat in Figure 1 [SEQ ID NO: 1], and to the 
cathepsin K nucleotide sequences of the gDMA in ATCC Deposit No. 98035, which is 

25 herein referred to as "the deposited clone" or as the "gDNA of the deposited clone." It will 
be appreciated that the nucleotide sequences set out in Figure 1 [SEQ ID NO: 1] were 
obtained by sequencing the gDNA of the deposited clone, as more specifically set forth 
elsewhere herein. Hence, the sequence of the deposited clone is controlling as to any 
discrepancies between the two. 

30 

Polynucleotides 

In accordance with one aspect of the present invention, there are provided isolated 
polynucleotides which encode the cathepsin K polypeptide having the deduced amino acid 
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sequence of Figure 2 [SEQ ID NO:20] (see also Figure 6 for the deduced amino acid 
sequence) or the cathepsin K polypeptide encoded by the gDNA in the deposited clone. 

Using the information provided herein, such as the polynucleotide sequence set out 
in Figure 1 [SEQ ID NO: 1], a polynucleotide of the present invention encoding human 
5 cathepsin K polypeptide may be obtained using standard cloning and screening procedures, 
such as those for cloning gDNAs using DNA from cells of a human as starring material. 
Illustrative of the invention, the polynucleotide set out in Figure 1 (SEQ ID NO: 1] was 
discovered in a human gDNA library as described in Example 1 . 

Human cathepsin K of the invention is structurally related to other proteins of the 
10 cathepsin family, as shown by the results of sequencing the gDNA encoding human 

cathepsin K in the deposited clone. The gDNA sequence thus obtained is set out in Figure 

1 [SEQ ID NO: 1]. It contains a non-contiguous open reading frame encoding, after tntron 
removal, but including all exons, a protein of about 329 amino acid residues. 

Polynucleotides of the present invention may be in the form of RNA, such as 
15 rnRNA or hnRNA, or in the form of DNA, including, for instance, cDNA and gDNA 
obtained by cloning or produced by chemical synthetic techniques or by a combination 
thereof. The DNA may be triple-stranded, double-stranded or single-stranded 
Single-stranded DNA may be the coding strand, also known as the sense strand, or it may 
be the non-coding strand, also referred to as the anti-sense strand 
20 The coding sequence which encodes the polypeptide may be identical to the exon 

sequence of the polynucleotide shown in Figure I [SEQ ID NO: 1] or that of the deposited 
clone. It also may be a polynucleotide with a different sequence, which, as a result of the 
redundancy (degeneracy) of the genetic code, encodes the polypeptide of the DNA of Figure 

2 [SEQ ID NO:20] or of the deposited gDNA, including, but not limited to, splice variants 
25 transcribed from such gDNA. 

Polynucleotides of the present invention which encode the polypeptide of Figure I 
[SEQ ID NO: 1] or the polypeptide encoded by the deposited gDNA may include, but are 
not limited to the coding sequence for the mature polypeptide, by itself; the coding 
sequence for the mature polypeptide and additional coding sequences,, such as those 
30 encoding a leader or secretory sequence, such as a pre-, or pro- or prepro- protein sequence; 
the coding sequence of the mature polypeptide, with or without the aforementioned 
additional coding sequences, together with additional, non-coding sequences, including for 
example, but not limited to Introns and non-coding 5' and 3' sequences, such as the 
transcribed, non-translated sequences that play a role in transcription, mRNA processing - 
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including splicing and polyadenylation signals, for example - ribosome binding and 
lability of mRNA; additional coding sequence which codes for additional amino acids, 
such as those which provide additional functionalities. Thus, for instance, the polypeptide 
may be fused to a marker sequence, such as a peptide, which facilitates purification of the 
5 fused polypeptide. In certain preferred embodiments of this aspect of the invention, the 
marker sequence is a hexa-histidine peptide, such as the tag provided in the vector pQE-9, 
among others, many of which are commercially available. As described in Gentz et aL, 
Froc. Natl Acad. Sci. t USA 86; 821-824 (1989), for instance, hexa-histidine provides for 
convenient purification of the fusion protein. The HA tag corresponds to an epitope derived 
LO of influenza hemagglutinin protein, which has been described by Wilson et al. f Cell 37; 767 
(1984), for instance. 

In accordance with the foregoing, the term "polynucleotide encoding a polypeptide" 
as used herein encompasses polynucleotides which Include a sequence encoding a 
polypeptide of the present invention, particularly the human cathepsin K having the amino 
15 acid sequence set out in Figure 2 [SEQ ID NO:20J or the amino acid sequence of the human 
cathepsin K encoded by the gDNA of the deposited clone. The terra encompasses 
polynucleotides that include a single continuous region or discontinuous regions encoding 
the polypeptide (for example, interrupted by introns) together with additional regions, chat 
also may contain coding and/or non-coding sequences. 

20 The present invention further relates to variants of the herein above described 

polynucleotides which encode for fragments, analogs and derivatives of the polypeptide 
having the deduced amino acid sequence of Figure 2 [SEQ ID NO:20] or the polypeptide 
encoded by the exons of the gDNA of the deposited clone, including, but not limited to, 
splice variants transcribed from such gDNA. . A variant of the polynucleotide may be a . 

25 naturally occurring variant such as a naturally occurring allelic variant or splice variant, or it 
may be a variant that is not known to occur naturally. Such non-riaturally occurring 
variants of the polynucleotide may be made by mutagenesis techniques, including those 
applied to polynucleotides, cells or organisms. Such non-naturalLy occurring variants of the 
polynucleotide may be made by modifying splice acceptor, donor and/or branch sites, or by 

30 expressing the gDNA in cells where it is not naturally expressed, or cell extracts mode from 
such cells. 

Among variants in this regard are variants that differ from the aforementioned 
polynucleotides by nucleotide substitutions, deletions or additions. The substitutions, 
deletions or additions may involve one or more nucleotides. The variants may be altered in 
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coding or non-coding regions or both. Alterations in the coding regions may produce 
conservative or non-conservative amino acid substitutions, deletions or additions. 

Among the particularly preferred embodiments of the invention in this regard are 
polynucleotide sequence of cathepsin K set out in Figure 1 [SEQ ID NO; 1] or the 
5 polynucleotide sequence of cathepsin K of the gDNA of the deposited clone; variants, 
analogs, derivatives and fragments thereof, and fragments of the variants, analogs and 
derivatives. 

Further particularly preferred in this regard are polynucleotides encoding cathepsin 
K variants, analogs, derivatives and fragments, and variants, analogs and derivatives of the 
1 0 fragments, which have the amino acid sequence of the cathepsin K. polypeptide of Figure 2 
[SEQ ID NO:20] or of the deposit in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no 
amino acid residues are substituted, deleted or added, in any combination. Especially 
preferred among these are silent substitutions, additions and deled ons, which do not alter 
the properties and activities of the cathepsin K. Also, especially preferred in this regard are 

] 5 conservative substitutions.. Most highly preferred are polypeptides having the amino acid 
sequence of Figure 2 [SEQ ID NO:20] or of the deposit, without substitutions. 

Further preferred embodiments of the invention are polynucleotides that are at least 
70% identical to a polynucleotide encoding the cathepsin K polypeptide having the amino 
acid sequence set out in Figure 2 [SEQ ID NO: 20]. or variants, close homologs, derivatives 

20 and analogs thereof, as described above, and polynucleotides which are complementary to 
such polynucleotides. Alternatively, most highly preferred are polynucleotides thai 
comprise a region that is at least 80% identical to a polynucleotide encoding the cathepsin 
K polypeptide of the gDNA of the deposited clone and polynucleotides complementary 
thereto. In this regard, polynucleotides at least 90% identical to the same are particularly 

25 preferred, arid among these particularly preferred polynucleotides, those with at least '95% 
are especially preferred. Furthermore, those with at least 97% arc highly preferred among 
those with at least 95%, and among these those with at least 98% and at least 99% are 
particularly highly preferred, with at least 99% being the more preferred. 

Still further preferred embodiments of the invention are polynucleotides comprising 

30 cathepsin K intron polynucleotide sequences, particularly polynucleotides comprising intron 
1 [SEQ ID NO: 4], 2 [SEQ ID NO: 6], 3 [SEQ ID NO: 8], 4 [SEQ ID NO: 10], 5 [SEQ ID 
NO: 12], 6 [SEQ ID NO: 14] or 7[SEQ FD NO: 16], having the intron polynucleotide 
sequence set out in Figures 1 [SEQ ID NO: 1] and 3 [SEQ ID NO: 2-19], or variants, close 
homologs. derivatives and analogs thereof, as described above, arid polynucleotides which 
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are complementary to such polynucleotides. Other preferred embodiments of the invention 
are polynucleotides comprising cathepsin K intron I[SEQ ID NO: 4], 2 [SEQ ID NO: 6], 3 
[SEQ ID NO: 8J, 4 (SEQ ID NO: 10], 5 [SEQ ID NO: 12], 6 [SEQ ID NO: 14] or 7[SEQ 
ID NO: 16], operatively linked to the exon of a gene other than cathepsin K, or joining a 
5 cathepsin K exon and an exon of another gene. 

Still other preferred embodiments of the invention are polynucleotides comprising 
cathepsin K exon polynucleotide sequences, particularly polynucleotides comprising exon 1 
[SEQ ID NO: 3] ? 2 [SEQ ID NO: 5], 3 [SEQ ID NO: 7], 4 [SEQ ID NO: 9], 5 [SEQ ID NO: 
1 1], 6 [SEQ ID NO: 13], 7 [SEQ E> NO: 15J or 8 [SEQ ID NO: 17], having the exon 
10 polynucleotide sequence set out in Figures 1 [SEQ ID NO: 1] and 3 [SEQ ID NO: 2-19], or 
variants, close hornologs, derivatives and analogs thereof, as described above, and 
polynucleotides which are complementary to such polynucleotides. Other preferred 
embodiments of the Invention are polynucleotides comprising cathepsin K exon 1 [SEQ ID 
NO: 3]. 2 [SEQ ID NO: 5], 3. [SEQ ID NO: 7], 4 [SEQ ID NO: 9], 5 [SEQ ID NO: 1 1 ], 6 
15 [SEQ ED NO: 13J, 7 [SEQ ID NO: 15] or 8 [SEQ ID NO: 17], operatively linked to the 
intron of a gene other than cathepsin K. 

More preferred embodiments of the invention are differentially spliced 
polynucleotides, particularly those comprising any one or more of the following exon-exon 
.pairs: 1-3, 1-4, 1-5, 1-6. 1-7, 1-8, 2-4, 2-5. 2-6, 2-7, 2-8, 3-4, 3-5, 3-6, 
20 3-7,3-8,4-5,4-6, 4-7, 4-8, 5-7, 5-8, or 6-8. Particularly preferred embodiments of the 
invention are differentially spliced polynucleotides which encode polypeptides which 
function in cells, especially those which have a biological activity of cathepsin K, most 
especially those expressed in human cells. 

Polynucleotides comprising exon-exon pairs may be a naturally occurring variant 
25 such as a naturally occurring splice variant, or it may be a variant that is not known to occur 
naturally. Such non-naturaliy occurring variants of the polynucleotide may be made by 
mutagenesis techniques, including those applied to polynucleotides, cells or organisms. 
Such non-naturally occurring variants of the polynucleotide may be made by modifying 
splice acceptor, donor and/or branch sites, or by expressing the gDNA in cells where it is 
30 not naturally expressed, or cell extracts made from such cells. Exon-exon pairs can be full, 
fused exons or can be fused fragments of exons with a splice junction present. Preferred 
exon-exon pairs comprising exon fragments may be made from at least two exons, one of 
which comprises an operable splice donor site and the other of which comprises an operable 
splice acceptor site and which both are operadvely linked by an intron. 
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Particularly preferred embodiments in this respect, moreover, are polynucleotides 
which encode polypeptides which retain substantially the same biological function or 
activity as the mature polypeptide encoded by the cDNA of Figure 2 [SEQ ID NO:20] or 
the gDNA of (he deposited clone. 
5 The present invention further relates to polynucleotides that hybridize to the herein 

above-described sequences. In this regard, the present invention especially relates to 
polynucleotides which hybridize under stringent conditions to the herein above-described 
polynucleotides, As herein used, the term "stringent conditions" means hybridization will 
occur only if there is at least 95% and preferably at least 97% identity between the 
10 sequences. 

As discussed additionally herein regarding polynucleotide assays of the invention, 
for instance, polynucleotides of the invention as discussed above, may be used as a 
hybridization probe for cDNA and genomic DNA to isolate full-length cDNAs and genomic 
clones encoding cathepsin K and to isolate cDNA and genomic clones of other genes that 
15 have a high sequence similarity to the human cathepsin K gene. Such probes generally will 
comprise at least 15 bases. Preferably, such probes will have at least 30 bases and may 
have at least 50 bases. Particularly preferred probes will have at least 30 bases and will 
have 50 bases or less. 

For example, the coding region of the cathepsin K gene may be isolated by 
20 screening using the known DNA sequence to synthesize an oligonucleotide probe. A 

labeled oligonucleotide having a sequence complementary to that of a gene of the present 
invention is then used to screen a library of human cDNA, genomic DNA or mRNA to 
. determine which members of the library the probe hybridizes to. 

The polynucleotides and polypeptides of the present invention may be employed as 
25 research reagents and materials for discovery of treatments and diagnostics to human 
disease, as further discussed herein relating to polynucleotide assays, inter alia. 

The polynucleotides may encode a polypeptide which h the mature protein plus 
additional amino or carboxyl-terminal amino acids, or amino acids interior to the mature 
polypeptide (when the mature form has more than one polypeptide chain, for instance). 
30 Such sequences may play a role in processing of a protein from precursor to a mature form, 
may facilitate protein trafficking, may prolong or shorten protein half-life or may Facilitate 
manipulation of a protein for assay or production, among other things. As generally is the 
case in «fw, the additional amino acids may be processed away from the mature protein by 
cellular enzymes. 
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A precursor protein, having the mature form of the polypeptide fused to one or 
more pro sequences may be an inactive form of the polypeptide. When pro sequences are 
removed such inactive precursors generally are activated. Some or all of the prosequences 
may be removed before activation. Generally, such precursors are called proproteins. 
5 In aim, a polynucleotide of the present invention may encode a mature protein, a 

mature protein plus a leader sequence (which may be referred to as a preprotein), a 
precursor of a mature protein having one or more prosequences which are not the leader 
sequences of a preprotein. or a preproprotein, which is a precursor to a proprotein, having a 
leader sequence and one or more prosequences, which generally are removed during 
10 processing steps that produce active and mature forms of the polypeptide. 

Deposited materials 

A deposit containing a human cathepsin K gDNA has been deposited with the 
American Type Culture Collection, as noted above. Also as noted above, the gDNA 
15 deposit is referred to herein as "the deposited clone" or as "the gDNA of the deposited 
clone" . 

The deposited clone was deposited with the American Type Culture Collection, 
12301 Park Lawn Drive, Rockvilte, Maryland 20852, USA, on April 26, 1996. and 
assigned ATCC Deposit No. 98035. 
20 The deposited material is a PI cosmid that contains the full length cathepsin K 

gDNA, referred to as "P 1 SacB2CatK/P 129* upon deposit 

The deposit has been made under the terms of the Budapest Treaty on the 
international recognition of the deposit of micro-organisms for purposes of patent 
procedure. The strain will be irrevocably and without restriction or condition released to 
25 the public upon the issuance of a patent. The deposit is provided merely as convenience to 
those of skill in the art and is not an admission that a deposit is required for enablement, 
such as that required under 35 U.S ,C, section 112. 

The sequence of the polynucleotides contained in the deposited material, as well as 
the amino acid sequence of the polypeptide encoded thereby, axe controlling in the event of 
30 any conflict with any description of sequences herein. 

A license may be required to make, use or sell the deposited materials, and no such 
license is hereby granted. 
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Polypeptides 

The present invention further relates to a human cathepsin K polypeptide which has 
the deduced amino acid sequence of Figure 2 [SEQ ID NO:20], which is encoded by an 
unspHced or differentially spliced hnRNA or mRNA transcribed from the sequence of 
5 Figure 1 [SEQ ID NO: 1 ], or which has the amino acid sequence encoded by the deposited 
clone. Also provided are poiypetides encoded by the cathepsin K gDNA comprising 
missense or nonsense mutations, or those polypeptides encoded by unspliced or partially 
spliced hnRNAs which still comprise at least one intron, particularly those polypeptides 
which are naturally found in cells, especially human cells. Frameshift mutations have been 
10 shown to be associated with disease (Hoi, FA, et al. Journal of Medical Genetics. 1995. 32 
(1X52-56). 

Preferred polypeptides provided by the invention are encoded by differentially 
spliced polynucleotides, particularly those polypeptides encoded by polynucleotides 
comprising any one or more of the following exon-exon pairs: i-3, 1-4, 1-5. 1-6, 1-7, 1-8, 
15 2-4, 2-5. 2-6, 2-7, 2-8, 3-*, 3-5, 3-6, 3-7, 3-8, 4-5, 4-6, 4-7, 

4-8, 5-7, 5-8, or 6-8. Particularly preferred embodiments of the invention are polypeptides 
encoded by differentially spliced polynucleotides, which polypeptides function in cells, 
especially those which have a biological activity of cathepsin K, most especially those 
expressed in human cells. 
20 Still further preferred embodiments of the invention are polypeptides encoded by 

polynucleotides comprising exon polynucleotide sequences, particularly polynucleotides 
comprising cathepsin K exon 1 [SEQ ID NO: 3], 2 [SEQ ID NO: 5}, 3 [SEQ ID NO: 7], 4 
[SEQ ID NO: 91 5 [SEQ ID NO: 1 1], 6 [SEQ ID NO: 13], 7 [SEQ ID NO: 151 or 8 [SEQ 
ID NO: 17J. having the exon polynucleotide sequence set out in Figures 1 [SEQ ID NO: 1] 
25 and 3 [SEQ ID NO: 2-19], or variants, close homology derivatives and analogs thereof, as 
described above, and polypeptides encoded by polynucleotides which are complementary to 
such polynucleotides. Other preferred embodiments of the invention are polypeptides 
encoded by polynucleotides comprising comprising cathepsin K exon exon 1 [SEQ ID NO: 
3], 2 [SEQ ID NO; 51 3 [SEQ ID NO: 71. 4 [SEQ ID NO: 9], 5 [SEQ ID NO: II J, 6 [SEQ 
30 IDNO: 13], 7 [SEQ ID NO: 15] or 8 [SEQ ID NO: 17] ( operativelyHfcedtotheintron of a 
gene other then cathepsin K or Joined to an exon of another gene. 

The invention also relates to fragments, analogs and derivatives of these 
polypeptides. The terms "fragment/ "derivative" and "analog" when referring to the 
polypeptide of Figure 2 [SEQ ID NO:20], a polypeptide encoded by an unspliced or 
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differentially spliced hnRNA or mRNA transcribed from the sequence of Figure 1 [SEQ ID 
NO: 1 J, or that encoded by the deposited gDNA, means a polypeptide which retains 
essentially the same biological function or activity as such polypeptide. Thus, an analog 
includes a proprotein which can Deactivated by cleavage of the proprotein portion to produce 
5 an active mature polypeptide. 

The polypeptide of (he present invention may be a recombinant polypeptide a 
natural polypeptide or a synthetic polypeptide. In certain preferred embodiments it is a 
recombinant polypeptide. 

The fragment, derivative or analog of the polypeptide of Figure 2 [SEQ ID NO:20], 
10 or that encoded by an unspliced or differentially spliced hnRNA or mRNA transcribed from 
the sequence of Flgura 1 [SEQ ID NO: 1], or that encoded by the gDNA in the deposited 
clone may be (i) one in which one or more of the amino acid residues are substituted with a 
conserved or non-conserved amino acid residue (preferably a conserved amino acid residue) 
and such substituted amino acid residue may or may not be one encoded by the genetic 
1 5 code, or (ii) one in which one or more of the amino acid residues includes a substituent 

group, or (iii) one in which the mature polypeptide is fused with another compound, such as 
a compound to increase the half-life of the polypeptide (for example, polyethylene glycol), 
or (rv) one in which the additional amino acids are fused to the mature polypeptide, such as 
a leader or secretory sequence or a sequence which is employed for purification of the 
20 mature polypeptide or a proprotein sequence. Such fragments, derivatives and analogs arc 
deemed to be within the scope of those.skilled in the art from the teachings herein. 

Among the particularly preferred embodiments of the invention in this regard are 
polypeptides having the amino acid sequence of cathepsin K set out in Figure 2 [SEQ ID 
NO:2DJ, variants, analogs, derivatives and fragments thereof, and variants, analogs and 
25 derivatives of the fragments. Alternatively, particularly preferred embodiments of the 

invention in this regard are polypeptides having the amino acid sequence of the cathepsin K 
of the gDNA in the deposited clone, variants, analogs, derivatives and fragments thereof, 
and variants; analogs and derivatives of the fragments. 

Among preferred variants are those that vary from a reference by conservative 
30 amino acid. substitutions. Such substitutions are those that substitute a given amino acid in 
a polypeptide by another amino acid of like characteristics. Typically seen as conservative 
substitutions are the replacements, one for another, among the aliphatic amino acids Ala, 
Val, Leu and He; interchange of the hydroxy I residues Scr and Thr, exchange of the acidic 
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residues Asp and Glu, substitution between the amide residues Asn and Gin, exchange of 
the basic residues Lys and Arg and replacements among the aromatic residues Phe, Tyr. 

Further particularly preferred in this regard are variants, analogs, derivatives and 
fragments, and variants, analogs and derivatives of the fragments, having the amino acid 
5 sequence of the cathepsin K polypeptide of Figure 2 [SEQ ID NO;20] or of the gDNA in 
the deposited clone, in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no amino acid 
residues are substituted, deleted or added, in any combination. Especially preferred among 
these are silent substitutions, additions and deletions, which do not alter the properties and 
activities of the cathepsin K. Also especially preferred in this regard are conservative 
10 substitutions. Most highly preferred are polypeptides having the amino acid sequence of 
Figure 2 [SEQ ID NO:20] or the deposited clone without substitutions. 

The polypeptides and polynucleotides of the present invention are preferably 
provided in an isolated form, and preferably are purified to homogeneity. 

The polypeptides of the present invention include the polypeptide encoded by at 
15 least one of the exons of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO; 9, 
SEQ ID NO: 1 1, SEQ ID NO: 13, SEQ \D NO: 15 or SEQ ED NO: 17, (in particular the 
mature polypeptide) as well as polypeptides which have at least 70% similarity (preferably 
at least 70% identity) to the polypeptide encoded by at least one of the exons of SEQ ID 
NO: SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ED NO: 1 1, SEQ 
20 ID NO: 13, SEQ ID NO: 15 or SEQ ID NO: 17 and more preferably at least 90% similarity 
(more preferably at least 90% identity) to the polypeptide encoded by at least one of the 
exons of SEQ ID NO: SEQ ID NO: 3, SEQ ED NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, 
SEQ ED NO: 11, SEQ ID NO: 13, SEQ ID NO: 15 or SEQ ID NO: 17 and still more 
preferably at least 95% similarity (still more preferably at least 95% identity) to the 
25 polypeptide encoded by at least one of the exons of SEQ ID NO: SEQ ID NO: 3, SEQ ID 
NO: 5, SEQ ID NO: 7, SEQ ID NO: 9 t SEQ ID NO: 1 1, SEQ ID NO: 13, SEQ ID NO: 15 
or SEQ ID NO: 17 and also include portions of such polypeptides with such portion of the 
polypeptide generally containing at least 30 amino acids and more preferably at least 50 
amino acids. 

30 As known in the art "sirnilarity" between two polypeptides is determined by 

comparing the amino acid sequence and its conserved amino acid substitutes of one 
polypeptide to the sequence of a second polypeptide. 

Fragments or portions of the polypeptides of the present invention may be 
employed for producing the corresponding full-length polypeptide by peptide synthesis; 
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therefore, the fragments may be employed as intermediates for producing the full-length 
polypeptides. Fragments or portions of the polynucleotides of the present invention may be 
used to synthesize full-length polynucleotides of the present invention. 
Fragments 

5 Also among preferred embodiments of this aspect of the present invention are 

polypeptides comprising fragments of cathepsin K, most particularly fragments of the 
cathepsin K having the amino acids encoded by the exons set out in Figure 1 fSEQ ID NO; 
1], or having the amino acid encoded by the exon sequence of the cathepsin K of the 
deposited clone, and exon fragments or variants and derivatives of the cathepsin K of Figure 
10 1 [SEQ ID NO: 1] or of the deposited clone. 

In this regard a fragment is a polypeptide having an amino acid sequence that 
entirely is the same as part but not all of the amino acid sequence of the aforementioned 
cathepsin K polypeptides and variants or derivatives thereof. 

Such fragments may be "free-standing," i.e M not part of or fused to other amino 
1 5 acids or polypeptides, such as, for example, an exon, or they may be comprised within a 
larger polypeptide of which they form a part or region. When comprised within a larger 
polypeptide, the presently discussed fragments most preferably form a single continuous 
region. However, several fragments may be comprised within a single larger polypeptide. 
For instance, certain preferred embodiments relate to a fragment of a cathepsin K 
20 polypeptide of the present comprised within a precursor polypeptide designed for 

expression in a host and having heterologous pre and pro-polypeptide regions fused to the 
amino terminus of the cathepsin K fragment and an additional region fused to the carboxyl 
terminus of the fragment. Therefore, fragments in one aspect of the meaning intended 
herein, refers to the portion or portions of a fusion polypeptide or fusion protein derived 
25 from cathepsin K. 

As representative examples of polypeptide fragments of the invention, there may be 
mentioned those which are encoded by the polynucleotide sequence comprising cathepsin K 
exon 1, 2, 3, 4. 5 F 6, 7 or 8, having the exon or intron 1,2,3,4,5,6 or 7 polynucleotide 
sequences respectively as set out in Figures 1 
30 [SEQ ID NO; 1] and 3 [Sfib ID NO; 2-19], or variants, close homotogs. derivatives and 
analogs thereof, as described above, and polypeptides encoded by polynucleotides which 
are complementary to such polynucleotides. 

In this context about includes the particularly recited range and ranges larger or 
smaller by several, a few, 5, 4, 3, 2 or 1 amino acid at either extreme or at both extremes. 
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For instance, about 65-90 amino acids in (his context means a polypeptide fragment of 65 
plus or minus several, a few, 5. 4, 3, 2 or 1 amino acids to 90 plus or minus several a few, 
5. 4, 3, 2 or 1 amino acid residues, i£., ranges as broad as 65 minus several amino acids to 
90 plus several amino acids to as narrow as 65 plus several amino acids to 90 minus several 
5 amino acids. 

Highly preferred in this regard are the recited ranges plus or minus as many as 5 
amino acids at either or at both extremes. Particularly highly preferred are the recited 
ranges plus or minus as many as 3 amino acids at either or at both the recited extremes. 
Especially particularly highly preferred are ranges plus or minus 1 amino acid at either or at 
10 both extremes or the recited ranges with no additions or deletions. Most highly preferred of 
all in this regard are fragments encoded by each of the exons of cathepsin K. 

Among especially preferred fragments of the invention are truncation mutants of 
cathepsin K. Truncation mutants include cathepsin K polypeptides having the amino acid 
sequence encoded by the exons of Figure I [SEQ ID NO: J], or of the deposited clone, or of 
15 variants or derivatives thereof, except for deletion of a continuous series of residues (that is,, 
a continuous region, part or portion) that includes the amino terminus, or a continuous 
series of residues that includes the carboxyl terminus or, as in double truncation mutants, 
deletion of two continuous series of residues, one including the amino terminus and one 
including the carboxyl terminus. Fragments having the size ranges set out about also are 
20 preferred embodiments of truncation fragments, which are especially preferred among 
fragments generally. 

Also preferred in this aspect of the invention are fragments characterized by 
structural or functional attributes of cathepsin K. Preferred embodiments of the invention in 
this regard include fragments that comprise alpha-helix and alpha-helix forming regions 
25 ("alpha-regions"), beta-sheet and beta-sheet-forming regions C'beta-regions"). turn and 
turn-forming regions ("turn-regions"), coil and coil-forming regions ("coil-regions"), 
bydrophilic regions, hydrophobic regions, alpha amphipathic regions, beta amphipathic 
regions, flexible regions, surface-forming regions and high antigenic index regions of 
cathepsin K. 

30 Certain preferred regions include Garnier-Robson alpha-regions, beta-regions, 

turn-regions and coil-regions, Chou-Fasman alpha-regions, beta-regions and turn- regions, 
Kyte-Doolilde hydrophilic regions and hydrophilic regions, Eiscnbcrg alpha and beta 
amphipathic regions, Karplus-Schulz flexible regions, Emini surface-forming regions and 
Jameson-Wolf high antigenic index regions. 
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Among highly preferred fragments in this regard arc those that comprise regions of 
cathepsin K that combine several structural features, such as several of the features set out 
above. In this regard, the exon sequences of Figure 1 

[SEQ ED NO: I], which all are characterized by encoding amino acid compositions highly 
5 characteristic of turn-regions, hydrophilic regions, flexible-regions, surface-forming regions, 
and high antigenic index-regions, are especially highly preferred regions. Such regions may 
be comprised within a larger polypeptide or may be by themselves a preferred fragment of 
the present invention, as discussed above. It will be appreciated that the term "about" as 
used in this paragraph has the meaning set out above regarding fragments in general. 
10 Further preferred regions are those that mediate activities of cathepsin K. Most 

highly preferred in this regard are fragments that have a chemical, biological, antigenic or 
other activity of cathepsin K, including those with a similar activity or an improved 
activity, or with a decreased undesirable activity. 

It will be appreciated that the invention also relates to, among others, 
15 polynucleotides encoding the aforementioned fragments, polynucleotides that hybridize to 
polynucleotides encoding the fragments, particularly those that hybridize under stringent 
conditions, and polynucleotides, such as PCR primers, for amplifying polynucleotides that 
encode the fragments. In these regards, preferred polynucleotides are those that 
correspondent to the preferred fragments, as discussed above. 
20 Other preferred polynucleotides are genetic elements of cathepsin K, including, but 

not being limited to, a polyadenylation region, enhancers, a promoter, a cap site nitrons, 
exons, and splice sites (references describing these elements include. Darnel, J. et al. 
Molecular Cell Bhbgy t second edition, W.H. Freeman, New York (199Q); Watson, J.D., 
el al. Molecular Biology of the Gene, BenjaminCummings Pub., MenloPark, CA, (1987)). 
25 Untranslated regions contain many elements important in regulating gene 

expression. Mutations and markers in these regions have also been associated with disease 
(OzawaT.etaL, European Journal of Iirununogenedcs, APR 1995, 22 (2), 163-169). A 
preferred embodiment of the invention is the 5*UTR, particularly the sequence set forth in 
Figure 3(A) [SEQUENCE ID NO: 2], Mutations and markers in the 5 1 TJTR have been 
30 associated with disease (Carlock L, et al., Human Genetics, APR 1994, 93 (4), 457^59). A 
particularly preferred polynucleotide is an enhancer and promoter in the 5' UTR region of 
the cathepsin K gDNA Enhancers are often found in the 5* UTR and upregulate gene 
expression (see Miller et al„ Biotechniques 7: 980-990 ( 1989) for a general reference on 
promoters). The enhancer of the present invention can be operatively fused to heterologous 
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genes to upregulate gene expression. It is believed that the enhancer promoter will regulate 
tissue-specific gene expression, being particularly useful to express genes is osteoclast and 
leukocytes, particularly macrophages cells. A particularly preferred polynucleotide is the 
enhancer promoter having the sequence set forth in Figure 3(A) [SEQUENCE ID NO: 2], 
5 Transcription factors are often associated with the enhancer and promoter and act to 
modulate the function of these regions and binding sites for these factors have been 
described (Faisst, Steffen and Meyer, Silfce, Nucleic Acids Research, Vol. 20, No. I, pp. 3- 
26, 1991; Smale, Stephen T., Transcription: Mechanisms and Regulation, Raven Press r Ltd. 
pp. 63-81 (1994)). These sites bind such factors as, for example, Spl, Apl, and Ap3 which 
10 are involved in transcription initiation (Faisst, Steffen and Meyer, Silke, Nucleic Acids 
Research, Vol. 20, No. 1, pp. 3-26, 199 1). Preferred canonical binding sites for 
transcription factors are underlined in Figure 3(S) [SEQUENCE ID NO: 2]. The Pu Box in 
Figure 3(S) [SEQUENCE ID NO: 2] has been described to be present in a macrophage 
gene, a cell in which cathepsin K is also found (Zhang, Dong-Er, Mol. and Cell Biol., Vol. 
15 14, No. 1 , pp. 373-381 (1994)). The present invention provides a promoter region that is 
useful, among other things, for the mediation of tissue-specific expression in osteoclasts 
and leukocytes, particularly macrophages. APu box (AGGAA), present in the enhancer 
and promoter region has also been observed in a macrophage cell line (THP1), Pu boxes in 
the sequences in the invention are provided. These Pu boxes axe believed to be active in the 
20 cathepsin K gene in macrophages. RT-PCR performed in THP1 cells, using cathepsin K 
sequence as a probe, showed expression. The promoter is particularly useful for the study 
.of the control of cathepsuv K gene expression, particularly as a region to be probed to 
diagnose disease. Vitamin D response elements have been found in the 5'UTR of known 
genes (Kahlen, Jean-Pierre and Carlberg, Carsten, Biochemical & Biophysical Research 
25 Communications, Vol. 202, No. 3, pp, 1366-1372 (1994); Darwish, Hisham and DeLuca, 
Hector, Critical Reviews in Eukaryotic Gene Expression, 3(2);89-116 (1993); Carlberg, 
Carsten, Eur. J, Biochem. 23 1, pp. 517-527 (1995); Ohyama, Yoshihiko, J. Biol. Chetn., 
Vol. 269, No. 14, pp. 10545-10550 (1994)). Portions of vitamin D ("vD half sites' 1 ) 
responsive elements and calcium ion responsive elements ("Ca half pairs") are present in 
30 the y UTR sequence as set forth in Figure 3(S) [SEQUENCE ID NO: 2]. Such sites have 
been described (Katz, Ronald, W., Subauste, Jose, S. t and Koenig, Ronald J., J. Biol. 
Chcra M Vol. 270. No. 10, pp. 5238-5242 (1995)). Other half sites present in the sequence 
of the 5UTR set forth in Figure 3(A and S) [SEQUENCE ID NO: 21 include 
osteopontin/parathyroid hormone responsive element, calcitrol response element and 
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osteocalcin half site (sec, for example, Juge-Aubry, Cristiana, ct aL, J. Biol. Chem., Vol. 
270, No. 30, pp. 181 17-18122 (1995)). Promoter factor binding sites found in the promoter 
and enhancer region and provided in the invention are also found in cathepsin K introns. 
Estrogen response elements are also expected to be present in cathepsin K 5' UTR. Skilled 
5 artisans can readily find such elements using the methods provided herein. 

- A further preferred polynucleotide is a cap site located 49 base pairs upstream of 
the ATG start codon of the sequence set forth in (Figure 2). 

A further preferred embodiment of the invention is the promoter region of cathepsin 
K (Figure 3(A) and (S) [SEQUENCE ID NO: 2]). Functional promoter region sequences 
10 have been described (Corden, J., et aL, Science, 209, pp. 1406-1414 (1990)). A non- 
canonical promoter region in the sequence of cathepsin K set forth in Figures 3(A) 
[SEQUENCE ID NO: 2] and (S) [SEQUENCB ID NO: 2] comprises an A-T rich stretch at 
19-27 base pairs upstream of the start codon ATG. Mutations in the TATA box region of 
promoters have been shown to be associated with disease (Peltoketo H, et aL, Genomics, 
15 1994, 23 (1), 250-252). 

The 3* untranslated region of cathepsin K is a preferred polynucleotide of the 
invention, especially that polynucleotide set forth in Figure 3(Q) [SEQUENCE ID NO: 18], 
especially that region set forth in Figure 3(R) [SEQUENCE ID NO: 15)]. Mutations in the 3' 
UTR have been associated with disease (Saito A, et aL, Journal of the American Society of 
20 Nephrology, 1994, A (9), 1649-1653; Payne SJ, et aL, Human Molecular Genetics, 1994, 3 
(2), 390). The polyadenylation region set forth in Figure 3(Q) [SEQUENCE ID NO: 18] is 
also a preferred polynucleotide of the 3' UTR. The polyadenylation region comprises two 
copies of the canonical polyadenylation hexanucleotide, AATAAA. The polyadenylation 
region can be used, for example, in expression vectors to mediate mRNA 3' end formation 
25 (see, for example Gil, A. et a!>, Nature J/2:473-474 (London) (1984)). 

Other particularly preferred polynucleotides of the invention are the splice sites, 
including, but not limited to the splice donors, splice acceptors and the splice branchpoint. 
Splice junctions formation is essential for the proper creation of an open reading frame 
(Mount. Stephen, M. f Department of Molecular Biophysics and Biochemistry. Yale 
30 University, Sterling Hall of Medicine, New Haven, CT, USA, IRL Press Limited, London, 
pp. 459-472 (1981)). Diseases associated with the improper formation of the splice 
junction arc knowa Particularly preferred splice junction polynucleotides are set forth in 
Figure 4. 
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Introna comprise elements important in gene expression and in the formation of 
mature mRNA. Mutations and markers in introns have been shown to be associated with 
diseases (Peral, G. et aL, Human Molecular Genetics, APR 1995, 4 (4), 569-574; 
Chrysogelos, S.A., Nucleic Acids Research. 1993, 21 (24), 5736-5741; Ameis, D., Journal 
5 of Lipid Research, 1995, 36 (2) f 241-250). The splice junctions have also been shown to be 
associated with disease (Ameis D, et a!., Journal of Lipid Research, FEB 1995, 36 (2), 241- 
250;Pelrini JHJ, et al- Journal of immunology, 1994,152(1), 1 76- 1 S3; Kleiman FE, et aL, 
Human Genetics, 1994, 94 (3), 279-282). Alternative splicing and cryptic splice siles 
selection also' have been shown to be associated with disease (Arakawa H, et al,, Human 
10 Molecular Genetics, 1994, 3 (4), 565-568; Tieu FT, et al.. Human Mutation, 1994, 3 (3), 
333-336; Reale MA, et al.. Cancer Research, 1 994, 54 (16), 4493-4501). Introns may also 
comprise enhancer elements as part of their sequence. 

Preferred embodiments of the invention are the cathepsin K introns, particularly 
those introns having the sequences set forth in Figure 3 (C, E, G, I, K, M t and O) 
15 [SEQUENCE ID NO: 4, 6, 8, 10, 14, and 16]. Polymorphisms in the introns can serve as 
markers for disease following linkage analysis. Moreover, generic analyses described 
herein can be used to locate mutations in the introns associated with and/or causing disease. 
Another preferred embodiment is a cathepsin K intronic enhancer. 
Intron 3 does not follow consensus splice junction GT/AG rule. This intron/exon 
20 boundaries was verified by sequencing of the PI clone and the genomic DNA. GC/AG 

splice junctions though not common, have been described(Mount, Stephen, M. f Department 
of Molecular Biophysics and Biochemistry, Yale University, Sterling Hall of Medicine, 
New Haven, CT, USA, IRL Press Limited, London, pp. 459-472 (1981)). 

Further preferred embodiments of the invention are the cathepsin K exons, 
25 particularly those exons having the sequences.set forth in Figure 3 (B, D, F, H, J, L, N, and 
P) [SEQUENCE ID NO; 3« 5, 7.9, 11, 13. 15 and 17 respectively]. Polymorphisms in the 
exons can serve as markers for disease following linkage analysis. Moreover, genetic 
analyses described herein can be used to locate mutations in the exons associated with 
and/or causing disease. 

30 Polynucleotide fragments of the invention can be used to create ribozyrnes that 

inhibit the expression of the cathepsin K gene. General methods for the construction of 
ribozyme constructs are known in the art (Stram Y f and Molad T, Virus Genes, 1995, 9 (2), 
155-159). Skilled artisans can readily adapt these methods using the novel fragments of the 
invention to create novel ribozyme constructs. Preferred ribozyme constructs comprise 
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Introns comprise elements important in gene expression and in (he formation of 
mature mRNA. Mutations and markers in introns have been shown to be associated with 
disease? (Peral, G. et aL, Human Molecular Genetics, APR 1995, 4 (4), 569-574; 
Chrysogclos, SA, Nucleic Acids Research. 1993, 21 (24), 5736-5741; Ameis, D., Journal 
5 of Lipid Research, 1995, 36 (2), 241-250). The splice junctions have also been shown to be 
associated with disease (Ameis D, et al., Journal of Lipid Research, FEB 1995, 36 (2) ( 241- 
250; Pctrini JHLetal.. Journal of Immunology, 1994. 152(1). 176-183; Kleiman FE, et al. t 
Human Genetics, 1994, 94 (3), 279-282). Alternative splicing and cryptic splice sites 
selection also' have been shown to be associated with disease (Arakawa H, et al., Human 
10 Molecular Genetics, 1994, 3 (4), 565-568; Tieu PT, et al., Human Mutation, 1994, 3 (3), 
333-336; Reale MA, et al., Cancer Research, 1994, 54 (16), 4493-4501), Introns may also 
comprise enhancer elements as part of their sequence. 

Preferred embodiments of the invention are the cathepsin K introns, particularly 
those introns having the sequences set forth in Figure 3 (C, E, G, I, K, M, and O) 
15 [SEQUENCE ID NO: 4, 6, 8, 10, 14, and 16]. Polymorphisms in the introns can serve as 
markers for disease following linkage analysis. Moreover, genetic analyses described 
herein can be used to locate mutations in the introns associated with and/or causing disease. 
Another preferred embodiment is a cathepsin K intronic enhancer. 
Intron 3 does not follow consensus splice junction GT/AG rule. This intron/exon 
20 boundaries was verified by sequencing of the PI clone and the genomic DNA. GOAG 

splice junctions though not common, have been described(Mount, Stephen, M., Department 
of Molecular Biophysics and Biochemistry, Yale University, Sterling Hall of Medicine, 
New Haven, CT, USA, ERL Press Limited, London, pp. 459-472 (1981)). 

Further preferred embodiments of the invention are the cathepsin K exons, 
25 particularly those exons having the sequences.set forth in Figure 3 (B, D, F, H, J t L, N, and 
P) [SEQUENCE ID NO: 3, 5, 7 V 9, 1 1. 13. 15 and 17 respectively]. Polymorphisms in the 
exons can serve as markers for disease following linkage analysis. Moreover, genetic 
analyses described herein can be used to locate mutations in the exons associated with 
and/or causing disease. 

30 Polynucleotide fragments of the invention can be used to create ribozymes that 

inhibit the expression of the cathepsin K gene. General methods for the construction of 
ribozyme constructs are known in the an (Stram Y, and Molad T, Virus Genes, 1995, 9 (2), 
155-159). Skilled artisans can readily adapt these methods using the novel fragments of the 
invention to create novel ribozyme constructs. Preferred ribozyme constructs comprise 
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sequences which are complementary to the transcribed control elements of the cathepsin K 
gene, particularly polynucleotides that are complementary to the 5' untranslated region, 
splice junctions, and ^untranslated region, especially the polyadenylation region. 

The fragments of the invention, particularly regions in the untranslated region, the 
5 promoter and introns are useful as diagnostic probes for disease, particularly bone disease, 
such as osteoporosis, and including, for example, Paget* s diseaie, Gaucher 1 * disease, CNS 
inflammation, Alzheimer's disease, hyperparathyroidism, bone degradation, metastatic 
tumors, rheumatoid arthritis, osteoarthritis, periodontal disease and degradation of bone 
implants and bone protheses, particularly dental implants, Moreover, markers for disease 
10 can be located in regions of the cathepsin gene, particularly untranslated regions, which are 
useful with the diagnostic methods of the invention. 

Vectors, host cells, expression 

The present invention also relates to vectors which include polynucleotides of the 
15 present invention, host cells which are genetically engineered with vectors of the invention 
and the production of polypeptides of the invention by recombinant techniques. 

Host cells can be genetically engineered to incorporate polynucleotides and express 
polypeptides of the present invention. For instance, polynucleotides may be introduced into 
host cells using well known techniques of infection, transduction, transfection, transection 
20 and transformation. The polynucleotides may be introduced alone or with other 
polynucleotides. Such other polynucleotides may be introduced independently, 
co-introduced or introduced joined to the polynucleotides of the invention. 

Thus, for instance, polynucleotides of the invention may be nansfected into host 
cells with another, separate, polynucleotide encoding a selectable marker, using standard 
25 techniques for co-transfecdon and selection in. for instance, mammalian cells. In this case 
the polynucleotides generally will be stably Incorporated into the host cell genome. 

Alternatively, the polynucleotides may be joined to a vector containing a selectable 
rnarkerfor propagation in a host The vector construct may be introduced into host cells by 
the aforementioned techniques. Generally, a plasmid vector is introduced as DNA in a 
30 precipitate, such as a calcium phosphate precipitate, or in a complex with a charged lipid 
Etectroporation also may be used to introduce polynucleotides into a host If the vector is a 
virus. It may be packaged in vitro or introduced into a packaging cell and the packaged 
virus may be transduced into cells. A wide variety of techniques suitable for making 
polynucleotides and for introducing polynucleotides into cells in accordance with this 
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aspect of the invention are well known and routine t those of skill in the art. Such 
techniques are reviewed at length in Sambrook et ah cited above, which is illustrative of the 
many laboratory manuals that detail these techniques. 

In accordance with this aspect of the invention the vector may be, for example, a 
5 plasmld vector, a single or double-stranded phage vector, a single or double-stranded RNA 
or DNA viral vector. Such vectors may be introduced into cells as polynucleotides, 
preferably DNA, by well known techniques for introducing DNA and RNA into cells. The 
vectors, in the case of phage and viral vectors also may be and preferably are introduced 
into cells as packaged or encapsidated virus by well known techniques for infection and 
10 transduction. Viral vectors may be replication competent or replication defective. In the 
latter case viral propagation generally will occur only in complementing host cells. 

Preferred among vectors, in certain respects, are those for expression of 
polynucleotides and polypeptides of the present invention. Generally, such vectors 
comprise cis-acting control regions effective for expression in a host operau'vely linked to 
15 the polynucleotide to be expressed Appropriate trans-acting factors either are supplied by 
the host, supplied by a complementing vector or supplied by the vector itself upon 
introduction into the host 

In certain preferred embodiments in this regard, the vectors provide for specific 
expression. Such specific expression may be inducible expression or expression only in 
20 certain types of cells or both inducible and cell-specific. Particularly preferred among 
inducible vectors are vectors that can be induced for expression by environmental factors 
that are easy to manipulate, such as temperature and nutrient additives. A variety of vectors 
suitable to this aspect of the invention, including constitutive and inducible expression 
* vectors for use in prokaryotlc and eukaryotic hosts, are well known and employed routinely 
25 by those of skill in the art. 

The engineered host cells can be cultured in conventional nutrient media, which 
may be modified as appropriate for, inter alia, activating promoters, selecting transformants 
or amplifying genes. Culture conditions, such as temperature, pH and the like, previously 
used with the host cell selected for expression generally will be suitable for expression of 
30 polypeptides of the present invention as will be apparent to those of skill in the art. 

A great variety of expression vectors can be used to express a polypeptide of the 
invention. Such vectors include chromosomal, episomal and virus-derived vectors e.g., 
vectors derived from bacterial plasmids, from bacteriophage, from yeast cpisomcs, from 
yeast chromosomal elements, from viruses such as baculoviruses, papova viruses, such as 
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SV40, vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and 
retroviruses, and vectors derived from combinations (hereof, such as those derived from 
plasmid and bacteriophage genetic elements, such as cosmids and phagemids, all may be 
used for expression in accordance with this aspect of the present invention. Generally, any 
5 vector suitable to maintain, propagate or express polynucleotides to express a polypeptide 
in a host may be used for expression in this regard. 

The appropriate DNA sequence may be inserted into the vector by any of a variety 
of well-known and routine techniques! In general, a DNA sequence for expression is joined 
to an expression vector by cleaving the DNA sequence and the expression vector with one 
] 0 or more restriction endonucteases and then joining the restriction fragments together using 
T4 DNA ligase. Procedures for restriction and ligation that can be used to this end are well 
known and routine to those of skill. Suitable procedures in this regard, and for constructing 
expression vectors using alternative techniques, which also are well known and routine to 
those skill, are set forth in great detail in Sambrook et al. cited elsewhere herein. 
15 The DNA sequence in the expression vector is operailvely linked to appropriate 

expression control sequences), including, for instance, a promoter to direct mRNA 
transcription. Representatives of such promoters include the phage lambda PL promoter, 
the E coli lac, trp and tac promoters, the SV40 early and late promoters and promoters of 
retroviral LTRs, to name just a few of the well-known promoters. It will be understood that 
20 numerous promoters not mentioned are suitable for use in this aspect of the invention are 
well known and readily may be employed by those of skill in the manner illustrated by the 
discussion and the examples herein. 

In general, expression constructs will contain sites for transcription initiation and 
termination, and, in the transcribed region, a ribosome binding site for translation. The 
25 coding portion of the mature transcripts expressed by the constructs will include a 
translation initiating AUG at the beginning and a termination codon appropriately 
positioned at the end of the polypeptide to be translated. 

In addition, the constructs may contain control regions that regulate as well as 
engender expression. Generally, in accordance with many commonly practiced procedures, 
30 such regions will operate by controlling transcription, such as repressor binding sites and 
enhancers, among others. 

Vectors for propagation and expression generally will include selectable markers. 
Such markers also may be suitable for amplification or the vectors may contain additional 
markers for this purpose. In this regard, the expression vectors preferably contain one or 
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more selectable marker genes to provide a phenotypic trait for selection of transformed host 
cells. Preferred markers include dihydrofolate reductase or neomycin resistance for 
eukaryotic cell culture, tetracycline, kanamycin, and ampicilHn resistance genes for 
cufruring K coli and other bacteria. 
5 The vector containing the appropriate DNA sequence as described elsewhere herein, 

as well as an appropriate promoter, and other appropriate control sequences, may be 
introduced into an appropriate host using a variety of well known techniques suitable to 
expression therein of a desired polypeptide. Representative examples of appropriate hosts 
include bacterial cells, such as £. coli, streptomyces and Salmonella typhimurium cells; 
10 . fungal cells, such as yeast cells; insect cells such as Drosophila S2 and Spodoptera Sf9 
cells; animal cells such as CHO, COS and Bowes melanoma cells; and plant cells. Hosts 
for a great variety of expression constructs are well known, and those of skill will be 
enabled by the present disclosure readily to select a host for expressing a polypeptides in 
accordance with this aspect of the present invention. 
IS More particularly, the present invention also includes recombinant constructs, such 

as expression constructs, comprising one or more of the sequences described above. The 
constructs comprise a vector, such as a plasmid or viral vector, into which such a sequence 
of the invention has been inserted Hie sequence may be inserted in a forward or reverse 
orientation. In certain preferred embodiments in this regard, the construct further comprises 
20 regulatory sequences, including, for example, a promoter, operably linked to the sequence. 
Large numbers of suitable vectors and promoters are known to those of skill in the art, and 
there are many commercially available vectors suitable for use in the present invention. 

The following vectors, which are commercially available, are provided by way of 
example. Among vectors preferred for use in bacteria are pQE70 r pQE60 and pQE-9, 
25 available from Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors, pNH8A, 
pNH16a, pNHl8A, pNH46A, available from Stratagene; and ptre99a, pKK223-3, 
pKK233-3, pDR540, pRTT5 available from Pharmacia. Among preferred eukaryotic 
vectors are pWLNEO, pSV2CAT, pOG44, pXTl and pSG available from Stratagene; and 
pSVK3, pBPV ? pMSG and pSVL available from Pharmacia. These vectors are listed solely 
30 by way of illustration of the many commercially available and well known vectors that are 
available to those of skill in the art for use in accordance with this aspect of the present 
invention. It will be appreciated that any other plasmid or vector suitable for, for example, 
introduction, maintenance, propagation or expression of a polynucleotide or polypeptide of 
the invention in a host may be used in this aspect of the invention. 
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Promoter regions can be selected from any desired gene using vectors that contain a 
reporter transcription unit lacking a promoter region, sucb as a chloramphenicol acetyl 
transferase ("CAT") transcription unit, downstream of restriction site or sites for 
introducing a candidate promoter fragment; i.e., a fragment that may contain a promoter. 
5 As is well known, introduction into the vector of a promoter-containing fragment at the 
restriction sice upstream of the cat gene engenders production of CAT activity, which can 
be detected by standard CAT assays. Vectors suitable to this end are welt known and 
readily available. Two such vectors are pKK232-8 and pCM7. Thus, promoters for 
expression of polynucleotides of the present invention include not only well known and 
10 readily available promoters, but also promoters that readily may be obtained by the 
foregoing technique, using a reporter gene. 

A preferred embodiment of the invention are expression vectors comprising 
cathepsin K promoter sequences that function as a promoter. Such vector constructs may be 
used for targeted gene expression in cells which utilize the cathepsin K promoter, for 
15 example, osteoclasts and macrophages. Any gene of interest can be expressibly linked to 
the cathepsin K promoter and expressed in such cells which utilize the cathepsin K 
promoter. In mis manner genes which immortalize primary eukaryoric cells, such as, for 
example, SV40 T-Antigen, may be expressibly linked cathepsin K promoter to immortalize 
cells, such as, tor example, bone cells, including osteoclasts, and macrophages. Certain 
20 preferred vectors comprise cathepsin K promoter expressibly linked to a toxin gene, such as 
. for example, ricin, and are useful in methods for the targeted killing of cell populations that 
utilize the cathepsin K promoter for gene expression, Certain other preferred vectors 
comprise cathepsin K promoter expressibly linked to a anti-cathepsin K ribozyme or 
antisense polynucleotide, which are useful in methods for such targeted killing. 
25 Among known bacterial promoters suitable for expression of polynucleotides and 

polypeptides in accordance with the present invention are the £ coU lad and lacZ 
promoters, the T3 and 17 promoters, the gpt promoter, the lambda PR, PL promoters and 
the trp promoter. Among known eukaryotic promoters suitable in this regard are the CMV 
immediate early promoter, the HSV thymidine kinase promoter, the early and late SV40 
30 promoters, the promoters of retroviral LTRs, such as those of the Rous sarcoma virus 
("RSV"), and metallothionein promoters, such as the mouse raetallothionein-I promoter. 

Selection of appropriate vectors and promoters for expression in a host cell Is a well 
known procedure and the requisite techniques for expression vector construction, 
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introduction of the vector into the host and expression in the host ore routine skills in the 
art 

The present invention also relate* to host cells containing the above-described 
constructs discuised above. The host cell can be a higher eukaryotic cell, such as a 
5 mammalian cell or insect cell, or a lower eukaryotic cell, such as a yeast cell, or the host 
cell can be a proiearyotic cell, such as a bacterial cell 

Introduction of the construct into the host cell can be effected by calcium phosphate 
transfection, DEAE-dextran mediated transection, cationic lipid-mediated transfection, 
electroporation, transduction, infection or other methods- Such methods are described in 
10 many standard laboratory manuals, such as Davis et al. BASIC METHODS IN 
MOLECULAR BIOLOGY, (1986). 

Constructs in host cells can be used in a conventional manner to produce the gene 
product encoded by the recombinant sequence. Alternatively, the polypeptides of the 
invention can be synthetically produced by conventional peptide synthesizers. 
15 Mature proteins can be expressed in mammalian cells, yeast, bacteria, or other cells 

under the control of appropriate promoters. Cell-free translation systems can also be 
employed to produce such proteins using RNAs derived from the DNA constructs of the 
present invention. Appropriate cloning and expression vectors for use with prokaryotic and 
eukaryotic hosts are described by Sambrook et al.. MOLECULAR CLONING: A 
20 LABORATORY MANUAL, 2nd Ed M Cold Spring Harbor Uboratory Press, Cold Spring 
Harbor, N.Y. (1989), 

Generally, recombinant expression vectors for yeast will include origins of 
replication, a promoter derived from a highly-expressed gene to direct transcription of a 
downstream structural sequence, and a selectable marker to permit isolation of vector 
25 containing cells after exposure to the vector. Among suitable promoters are those derived 
from the genes that encode glycolytic enrymes such as 3-phosphoglycerate kinase ("PGK"), 
a-factor, acid phosphatase, and heat shock proteins, among others. Selectable markers 
include the ampicillin resistance gene of £. coli and the trp 1 gene of S. cerevisiae. 

Transcription of the DNA encoding the polypeptides of the present invention by 
30 higher eukaryotes may be increased by inserting an enhancer sequence into the vector. 
Enhancers are cfc-acring elements of DNA, usually about from, 10 ro 300 bp that act to 
increase transcriptional activity of a promoter in a given host cell-type. Examples of 
enhancers include the SV40 enhancer, which is located on the late side of the replication 
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origin at bp 100 to 270, the cytomegalovirus early promoter enhancer, the polyoma 
enhancer on the late side of the replication origin, and adenovirus enhancers. 

Polynucleotides of the invention, encoding the heterologous structural sequence of 
a polypeptide of the invention generally will be inserted into the vector using standard 
5 techniques so thai it is operably linked to the promoter for expression. The polynucleotide 
will be positioned so that the transcription start site is located appropriately 5' to a ribosome 
binding site. The ribosome binding site will be 5' to the AUG that initiates translation of 
the polypeptide to be expressed. Generally, there will be no other open reading frames that 
begin with an initiation codon, usually AUG, and He between the ribosome binding site 
10 and the initiating AUG. Also, generally, there will be a translation stop codon at the end of 
the polypeptide and there will be a polyadenylation signal and a transcription termination 
signal appropriately disposed at the 3' end of the transcribed region. 

For secretion of the translated protein into the lumen of the endoplasmic reticulum, 
into the periplasmic space or into the extracellular environment, appropriate secretion 
15 signals may be incorporated into the expressed polypeptide. The signals may be 
endogenous to the polypeptide or they may be heterologous signals. 

The polypeptide may be expressed in a modified form, such as a fusion protein, and 
may include not only secretion signals but also additional heterologous functional regions. 
Thus, for instance, a region of additional amino acids, particularly charged amino acids, 
20 may be added to the N-terminus of the polypeptide to improve stability and persistence in 
the host cell, during purification or during subsequent handling and storage. Also, a region 
may be added to the polypeptide to facilitate purification. Such regions may be removed 
prior to final preparation of the polypeptide. The addition of peptide moieties to 
polypeptides to engender secretion or excretion, to improve stability and to facilitate 
25 purification, among others, are familiar and routine techniques in the art. 

Suitable prokaryotic hosts for propagation, maintenance or expression of 
polynucleotides and polypeptides in accordance with the invention include Escherichia coli, 
Bacillus subtilis and Salmonella typhimuriurn. Various species of Pseudomonas. 
Streptomyces, and Staphylococcus are suitable hosts in this regard. Moreover, many other 
30 hosts also known to those of skill may be employed in this regard. 

As a representative but non-limiting example, useful expression vectors for 
bacterial use can comprise a selectable marker and bacterial origin of replication derived 
from commercially available plasmids comprising genetic elements of the well known 
cloning vector pBR322 (ATCC 37017). Such commercial vectors include, for example, 
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pKK223-3 (Pharmacia Fme Chemicals, Uppsala, Sweden) and GEM 1 (Promega Biotec, * 
Madison, WI, USA). These pBR322 "backbone" sections axe combined with an appropriate 
promoter and the structural sequence to be expressed. 

Following transformation of a suitable host strain and growth of the host strain to 
5 an appropriate cell density, where the selected promoter is inducible it is induced by 
appropriate means (e.g., temperature shift or exposure to chemical inducer) and cells are 
cultured for an additional period. 

Cells typically then are harvested by centrifugation, disrupted by physical or 
chemical means, and the resulting crude extract retained for further purification. 
10 Microbial ceils employed in expression of proteins can be disrupted by any , 

convenient method, including freeze- thaw cycling, sontcation, mechanical disruption, or use 
of cell lysing agents, such methods arc well know to those skilled in the ait. 

Various mammalian cell culture systems can be employed for expression, as well. 
Examples of mammalian expression systems include the COS-7 lines of monkey kidney 
15 fibroblast, described in Gluzman et al., Cell 23: 175 (198 1}. Other cell lines capable of 
expressing a compatible vector include for example, the CI 27, 3T3, CHO, HeLa, human 
kidney 293 and BHK cell lines. 

Mammalian expression vectors will comprise an origin of replication, a suitable 
promoter and enhancer, and also any necessary ribosome binding sites, polyadenylation 
20 sites, splice donor and acceptor sites, transcriptional termination sequences, and 5' flanking 
non-transcribed sequences that are necessary for expression. In certain preferred 
embodiments in this regard DNA sequences derived from the SV40 splice sites, and the 
SV40 polyadenylation sites are used for required non-transcribed genetic elements of these 
types. 

25 The cathepsin K polypeptide can be recovered and purified from recombinant cell 

cultures by well-known methods including ammonium sulfate or ethanoi precipitation, acid 
extraction, anion or cation exchange chromatography, phosphocelluiose chromatography, 
hydrophobic interaction chromatography, affinity chromatography, hydroxylapadte 
chromatography and lectin chromatography. Most preferably, high performance liquid 

30 chromatography ("HPLC") is employed for purification. Well known techniques for 

refolding protein may be employed to regenerate active conformation when the polypeptide 
is denatured during isolation and or purification. 

Polypeptides of the present invention include naturally purified products, products 
of chemical synthetic procedures, and products produced by recombinant techniques from a 
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prokaryotic or eukaryotic host, including, for example, bacterial, yeast, higher plant, insect 
and mammalian cells. Depending upon the host employed In a recombinant production 
procedure, the polypeptides of the present invention may be glycosylated or may be 
non-glycosylated. In addition, polypeptides of the invention may also include an initial 
5 modified methionine residue, in some cases as a result of host-mediated processes.. 

Farther Illustrative aspects and preferred embodiments of the Invention 
Cathepsin K polynucleotides and polypeptides may be used in accordance with the 
present invention for a variety of applications, particularly those that make use of the 
chemical and biological properties cathepsin K. Among these are applications in the 
1 0 detection and treatment of disease, particularly bone disease, such as osteoporosis, and 

including, for example, Pagefs disease, Gaucher'* disease, CNS inflammation, Alzheimer's 
disease, hyperparathyroidism, bone degradation, metastatic tumors, rhemuatoid arthritis, 
osteoarthritis, periodontal disease and degradation of bone implants and bone protheaes, 
particularly dental implants. Additional applications relate to diagnosis and to treatment of 
15 disorders of cells, tissues and organisms. These aspects of the invention are illustrated 
further by the following discussion. 

Polynucleotide assays 

This invention is also related to the use of the cathepsin K exons, introns, promoters 
20 and polynucleotides to detect complementary polynucleotides such as, for example, as a 
diagnostic reagent Detection of a mutated form of cathepsin K associated with a 
dysfunction will provide a diagnostic tool that can add or define a diagnosis of a disease or 
susceptibility to a disease which results from under-expression, over-expression or altered 
expression of cathepsin K, such as, for example, osteoporosis, periodontal disease, Pager's 
25 disease, Gaucher^ disease, CNS inflammation, Alzheimer's disease, hyperparathyroidism, 
and bone degradation, metastatic tumors, and degradation of bone implants and bone 
pro theses, particularly dental implants. 

Individuals carrying mutations in the human cathepsin K gene may be detected at 
the DNA level by a variety of techniques. Nucleic acids for diagnosis may be obtained from 
30. a patient's cells, such as from blood, urine, saliva, tissue biopsy arid autopsy material. The 
genomic DNA may be used directly for detection or may be amplified enzymaticaily by 
using PCR prior to analysis (Saiki et al., Nature, 324: 163-166 (1986)). Ligation- mediated 
amplification may also be used for amplification (Vollach. V„ etal. ? NucL Acids Res. 22: 
2507 (1994). RNA or cDNA may also be used in the same ways. As an example, PCR 
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primers complementary to the nucleic acid encoding cathepsin K can be used to identify 
and analyze cathepsin K expression and mutations. F r example, deleti ns and insertions 
can be detected by a change in size of the amplified product in comparison to the normal 
genotype. Point mutations can be identified by hybridizing amplified DNA to radiolabeled 
5 cathepsin K RNA or alternatively, radiolabeled cathepsin K amisense DNA sequences. 
Perfectly matched sequences can be distinguished from mismatched duplexes by RNase A 
digestion or by differences m melting temperatures. 

Sequence differences between a reference gene and genes having mutations also 
may be revealed by direct DNA sequencing. In addition, cloned DNA segments may be 
10 employed as probes to detect specific DNA segments. The sensidvity of such methods can 
be greatly enhanced by appropriate use oFPCR or another amplification method. For 
example, a sequencing primer is used with double-stranded PCR product or a 
single-stranded template molecule generated by a modified PCR. The sequence 
determination is performed by conventional procedures with radiolabeled nucleotide or by 
15 automatic sequencing procedures with fluorescent-tags. 

Genetic testing based on DNA sequence differences may be achieved by detection 
of alteration in electrophoretic mobility of DNA fragments in gels, with or without 
denaturing agents. Small sequence deletions and insertions can be visualized by high 
resolution gel electrophoresis. DNA fragments of different sequences may be distinguished 
20 on denaturing formamide gradient gels in which the mobilities of different DNA fragments 
are retarded in the gel at different positions according to their specific melting or partial 
melting temperatures (see, e.g., Myers et al., Science, 230: 1242 (1985)). 

Sequence changes at specific locations also may be revealed by nuclease protection 
assays, such as RNase and SI protection or the chemical cleavage method (e.g., Cotton et 
25 al., Proc. Natl. Acad. Sci., USA, 85: 4397-4401 (1985)). 

Thus, die detection of a specific DNA sequence may be achieved by methods such 
as hybridization, RNase protection, chemical cleavage, direct DNA sequencing or the use of 
restriction enzymes, (e.g., restriction fragment length polymorphisms ("RFLP"), SSCP and 
Southern blotting of genomic DNA. 
30 In addition to more conventional gel-electrophoresis and DNA sequencing, 

mutations also can be detected by in situ analysis. 
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Ch romosom e assays 

Hie sequences of the present invention are also valuable for chromosome 
identification. The sequence is specifically targeted to and can hybridize with a particular 
location on an individual human chromosome. Moreover, there is a current need for 
identifying particular sites on the chromosome. Few chromosome marking reagents based 
on actual sequence data (repeat polymorphisms) are presently available for marking 
chromosomal location. The mapping of DNAs to chromosomes according cothe present 
invention is an important First step in correlating those sequences with genes associated 
with disease. 

In certain preferred embodiments in this regard, the gDNA herein disclosed is used 
to clone genomic DNA of a cathepsin K gene. This can be accomplished using a variety of 
well known techniques and libraries, which generally are available commercially. The 
genomic DNA then is used for in situ chromosome mapping using well known techniques 
for this purpose. Typically, in accordance with routine procedures for chromosome 
mapping, some trial and error may be necessary to identify a genomic probe thai gives a 
good in situ hybridization signal 

In some cases, in addition, sequences can be mapped to chromosomes by preparing 
PCR primers (preferably 15-25 bp) from the gDNA. Computer analysis of the 3' 
untranslated region of the gene is used to rapidly select primers that do not span more than 
one exon in the genomic DNA complicate the arnpliiication, process. These primers are 
then used for PCR screening of 6omaiic cell hybrids containing individual human 
chromosomes. Only those hybrids containing the human gene corresponding to the primer 
will yield an amplified fragment 

PCR mapping of somatic cell hybrids is a rapid procedure for assigning a particular 
DNA to a particular chromosome. Using the present invention with the same 
oligonucleotide primers, sublocalization can be achieved with panels of fragments from 
specific chromosomes (e.g., radiation hybrid panels) or pools of large genomic clones in an 
analogous manner. Other mapping strategies that can similarly be used to map to its 
chromosome include in situ hybridization, prescreening with labeled flow-sorted 
chromosomes and preselection by hybridization to construct chromosome spccific-cDNA 
libraries. 

Fluorescence in situ hybridization ("FISH") of acDNA clone to a rnetaphase 
chromosomal spread can be used to provide a precise chromosomal Location in one step. 
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This technique can be used with gDNA as short as 50 to as long as 600. For a review of 
. this technique, see Verma et al., HUMAN CHROMOSOMES: A MANUAL OF BASIC 
TECHNIQUES, Pergamon Press, New York ( 1 9SB). 

Once a sequence has been mapped to a precise chromosomal location, the physical 
5 position of the sequence on the chromosome can be correlated with genetic map data. Such 
data are found, for example, in V. McKiisick, MENDEUAN INHERITANCE IN MAN, 
available on line through Johns Hopkins University, Welch Medical Library. The 
relationship between genes and diseases that have been mapped to the same chromosomal 
region are then identified through linkage analysis (coinheritance of physically adjacent 
10 genes). 

Next, it is necessary to determine the differences in the cDNA or genomic sequence 
between affected and unaffected individuals. If a mutation is observed in some or all of the 
affected individuals but not in any normal individuals, then the mutation is likely to be the 
causative agent of the disease. 
15 With current resolution of physical mapping and genetic mapping techniques, a 

gDNA precisely localized to a chromosomal region associated with the disease could be one 
of between 50 and 500 potential causative genes. (This assumes 1 megabase mapping 
resolution and one gene per 20 kb). 

20 Polypeptide assays 

The present invention also relates to a diagnostic assays such as quantitative and 
diagnostic assays for detecting levels of cathepsin K protein in cells, tissues and bodily 
fluids, including determination of normal and abnormal levels of polypeptide. Bodily 
fluids useful in the diagnostic methods of the invention include, for example . .synovial fluid, 

25 .cerebrospinal fluid, urine, serum, gingival fluid and lymph. Thus, for instance, a diagnostic 
assay in accordance with the invention for detecting over-expression of cathepsin K protein 
compared to normal control tissue samples may be used to detect the presence of disease, 
for example, osteoporosis, Paget's disease, Gaucher's disease, CNS inflammation, 
Alzheimer's disease, hyperparathyroidism, bone degradation, metastatic tumors, rhemuatoid 

30 arthritis, osteoarthritis, periodontal disease and degradation of bone implants and bone 
protheses, particularly dental implants. Assay techniques that can be used to determine 
levels of a protein, such as an immunoassay for cathepsin K protein of the present 
invention, in a sample derived from a host are well-known to those of skill in the art. Such 
assay methods include radioimmunoassays, competitive-binding assays. Western Blot 
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analysis and ELISA assays. Among these ELJS As frequently are preferred. An ELISA 
assay initially comprises preparing an antibody specific to cathepsin K, preferably a 
monoclonal antibody. In addition a reporter antibody generally is prepared which binds to 
the monoclonal antibody. The reporter antibody is attached a detectable reagent such as 
5 radioactive, fluorescent or enzymatic reagent, in this example horseradish peroxidase 
enzyme. 

To" carry out an ELISA a sample is removed from a host and incubated on a solid 
support, e.g. a polystyrene dish, that binds the proteins in the sample. Any free protein 
binding sites on the dish are then covered by incubating with a non-specific protein such as 

10 bovine serum albumin. Next, the monoclonal antibody is incubated in the dish during 
which time the monoclonal antibodies attach to any cathepsin K proteins attached to the 
polystyrene dish. Unbound monoclonal antibody is washed out with buffer The reporter 
antibody linked to horseradish peroxidase is placed in the dish resulting in binding of the 
reporter antibody to any monoclonal antibody bound to cathepsin K. Unattached reporter 

1 5 antibody is then washed out Reagents for peroxidase activity, including a colorimetric 
substrate are then added to the dish. Immobilized peroxidase, linked to cathepsin K 
through the primary and secondary antibodies, produces a colored reaction product. The 
amount of color developed in a given time period indicates the amount of cathepsin K 
protein present in the sample. Quantitative results typically are obtained by reference to a 
20 standard curve. 

A competition assay may be employed wherein antibodies specific to cathepsin K 
attached to a solid support and labeled cathepsin K and a sample derived from the host are 
passed over the solid support and the amount of label detected attached to the solid support 
can be correlated to a quantity of cathepsin K in the sample. 

25 

Antibodies 

The polypeptides, their fragments or other derivatives, or analogs thereof, or cells 
expressing them can be used as an imrmroogen to produce antibodies thereto. These 
antibodies can be, for example, polyclonal or monoclonal antibodies. The present invention 
30 also includes chimeric, single chain, and humanized antibodies, as well as Fab fragments, or 
the product of a Fab expression library. Various procedures known in the art may be used 
for the production of such antibodies and fragments. 

Antibodies generated against the polypeptides corresponding to a sequence of.the- 
present invention can be obtained by direct injection of the polypeptides into an animal or 
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by administering the polypeptides to an animal, preferably a nonhuman. The antibody so 
obtained will then bind the polypeptides itself. In this manner, even a sequence encoding 
only a fragment of the polypeptides can be used to generate antibodies binding the whole 
native polypeptides. Such antibodies can then be used to isolate the polypeptide from tissue 
5 expressing that polypeptide. 

For preparation of monoclonal antibodies, any technique which provides antibodies 
produced by continuous clonal cell line cultures can be used Examples include the 
hybridoma technique (Kohler, G, and Milsteih, C, Nature 256: 495-497 (1975), the triorna 
technique, the human B-cell hybridoma technique (Kozbor et al., Immunology Today 4: 72 
10 (1 983) and the EBV-hybridoma technique to produce human monoclonal antibodies (Cole 
et al. f pg. 77-96 in MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R. 
Liss, Inc. (19S5). 

Techniques described for the production of single chain antibodies (U.S. Patent No. 
4,946,778) can be adapted to produce single chain antibodies to immunogenic polypeptide 
1 5 products of this invention. Also, transgenic mice, or other organisms such as other 

mammals, may be used to express antibodies, including for example, humanized antibodies 
to immunogenic polypeptide products of this invention. 

Thus, among others, such antibodies can be used to detect and treat diseases caused 
by or associated with mutant cathepsin K or abnormal cathepsin K levels, such as, 
20 osteoporosis, periodontal disease, Paget' s disease, Gauchers disease, CNS inflammation, 
Alzheimer's disease; hyperparathyroidism, bone degradation, metastatic tumors, and 
degradation of hone implants and bone protheses, particularly dental implants. 

Immunization using polynucleotides of the inventions can be carried out using 
known methods to produce a cathepsin K-specific immune response. 

25 

Clinical Genomics 

This invention provides methods to determine drug responsiveness of individuals 
having or suspected of having a cathepsin K gene mutation or cathepsin K gene expression 
abnormality, and also provides reagents to carry out such methods. Individuals may be 
30 grouped by their responsiveness to a given compound, particularly drugs, used to treat 
diseases caused by or associated with a mutation of cathepsin K gene or cathepsin K gene 
expression. Such individuals may be further grouped by detecting different gene mutations 
or gene expression level variants. In this manner specific gene mutations and gene 
expression variants can be readily associated with a certain degree of responsiveness to a 
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compound by an individual), Methods and reagents provided herein can be used to group 
compound responsiveness by detecting cathepsin K gene mutations and cathepsin K gene 
expression variants. Other methods for grouping individuals by compound responsivess are 
known to skilled artisans and can be adapted to use the poJypctides and polynucleotides of 
5 the invention. 

The invention also provides algorithms useful in conjunction with a device or 
embodied in a composition matter which are useful for the diagnosis of diseases caused by 
or associated with cathepsin K or mutants or variants thereof. Preferred algorithms are 
provided for disease stratification and staging. 

10 

Cathepsin K binding molecules and assays 

This invention also provides a method for identification of molecules, such as 
receptor molecules, that bind cathepsin K or fragments of cathepsin K of the invention. 
<}enes encoding proteins that bind cathepsin K, such as receptor proteins, can be identified 
15 by numerous methods known to those of skill in the art, for example, ligand panning and 
FACS sorting. Such methods are described in many laboratory manuals such as, for 
instance, Coligan et al, Current Protocols in Immunology 1(2): Chapter 5 (1991). 

For instance, expression cloning may be employed for this purpose. To this end 
polyadenylated RNA is prepared from a cell responsive to cathepsin K. a cDNA library is 
20 created from this RNA, the library is divided into pools and the pools are transfected 

individually into cells that are not responsive to cathepsin K, The transfected celts then are 
■ exposed to labeled cathepsin K. (Cathepsin K can be labeled by a variety of well-known 
techniques including standard methods of radio-iodination or inclusion of a recognition site 
for a site-specific protein kinase.) Following exposure, the cells arc fixed and binding of 
25 cathepsin K, or a molecule which binds to cathepsin K, is determined. These procedures 
conveniently are carried out on glass slides. 

Pools are identified of cDNA that produced cathepsin K-binding cells. Sub-pools 
are prepared from these positives, transfected into host cells and screened as described 
above. Using an iterative sub-pooling and re-screening process, one or more single clones 
30 that encode the putative binding molecule or substrate, such as cell matrix, bone matrix or a 
receptor molecule, and the any of the same can be isolated 

Alternatively a labeled ligand can be photoafFmity linked to a cell extract, such as a 
membrane or a membrane extract, prepared from cells that express a molecule that it binds, 
such as a receptor molecule. Cross-linked material is resolved by poiyacrylamide gel 
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electrophoresis ("PAGE") and exposed to X-ray film. The labeled complex containing the 
ligand-receptorcan be excised, resolved into peptide fragments, and subjected to protein 
rnicrosequencing. The amino add sequence obtained from microsequencing can be used to 
design unique or degenerate oligonucleotide probes to screen cDNA libraries to identify 
5 genes encoding the putative receptor molecule. 

Polypeptides of the invention also can be used to assess cathepsin K binding 
capacity of cathepsin K binding molecules, such as receptor molecules, in cells or in 
cell-free preparations. 

10 Agonists and antagonists - assays and molecules 

The invention also provides a method of screening compounds to identify those 
which enhance or block the action of cathepsin K in or on cells, such as its interaction with 
cathepsin K-binding molecules such as receptor and enzymatic substrate molecules. An 
agonist is a compound which increases the natural biological functions of cathepsin K, 

15 while antagonists decrease or eliminate such functions. 

For example, a cellular compartment, such as a membrane, vacuole, inclusion or a 
preparation of any thereof, such as a membrane-preparation, may be prepared from a cell 
that expresses a molecule that binds cathepsin K, such as a molecule of a signaling or 
regulatory pathway modulated by cathepsin K. The preparation is incubated with labeled 

20 cathepsin K in the absence or the presence of a candidate molecule which may be a 

cathepsin K agonist or antagonist. The ability of the candidate molecule to bind the binding 
molecule, such as a substrate, is reflected in decreased binding of the labeled ligand. 
Molecules which bind gratuitously, Le., without inducing the effects of cathepsin K on 
binding the cathepsin K binding molecule, are most likely to be good antagonists. 

25 Molecules that bind well and elicit effects that are the same as or closely related to 
cathepsin K are agonists. 

Cathepsin K-like effects of potential agonists and antagonists may by measured, for 
instance, by determining activity of a second messenger system following interaction of the 
candidate molecule with a cell or appropriate cell preparation, and comparing the effect 

30 with that of cathepsin IC or molecules that elicit the same effects as cathepsin K. Second 
messenger systems that may be useful in this regard include but are not limited to AMP 
guanylate cyclase, ion channel, phosphoinositide hydrolysis second messenger systems, or 
compounds which signal the binding of a potential agonists and antagonists to cathepsin K 
or its substrate. 
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Another example of an assay for cathepsin K antagonists is a competitive assay that 
combines cathepsin K and a potential antagonist with enzymatic substrate or substrate 
analogs under appropriate conditions for a competitive inhibition assay. Cathcpsin K can 
be labeled, such as by radioactivity, such that the number of cathepsin K molecules bound 
5 to a receptor molecule can be determined accurately to assess the effectiveness of the 
potential antagonist. 

Potential antagonists include small organic molecules, peptides, polypeptides and 
antibodies that bind to a polypeptide of the invention and thereby inhibit or extinguish its 
activity. Potential antagonists also may be small organic molecules, a peptide, a 
10 polypeptide such as a closely related protein or antibody that binds the same sites on a 
binding molecule, such as a receptor molecule, without inducing cathepsin K-induced 
activities, thereby preventing the action of cathepsin K by excluding cathepsin K from 
binding. 

Potential antagonists include a small molecule which binds to and occupies the 
1 5 binding site of the polypeptide thereby preventing binding to cellular binding molecules, 
such as receptor molecules, such that normal biological activity is prevented. Examples of 
small molecules include but are not limited to small organic molecules, peptides or 
pep tide-like molecules. 

Other potential antagonists include antisense molecules. Antisense technology can 
20 be used to control gene expression through antisense DNA or RNA or through triple-helix 
formation. Antisense techniques are discussed, for example, in - Okano, J. Neurochem. 56: 
560 (1991); OUOODEOXYNUCUEOTIDES ASANTISENSE INHIBITORS OF GENE 
EXPRESSION, CRC Press, Boca Raton, FL (1988). Triple helix formation is discussed in, 
for instance Lee et a!., Nucleic Acids Research 6: 3073 (1979); Cooney et al. Science 241: 
25 456 (1988); and Dervan et ah, Science 251: 1360 (1991). Tne methods are based on 

binding of a polynucleotide to a complementary DNA or RNA. For example, the 5' coding 
portion of a polynucleotide that encodes the mature polypeptide of the present invention 
may be used to design an antisense RNA oligonucleotide of from about 10 to 40 base pairs 
in length, A DNA oligonucleotide is designed to be complementary to a region of the gene 
30 involved in transcription thereby preventing transcription and the production of cathepsin 
JC The antisense RNA oligonucleotide hybridizes to the mRNA in vivo and blocks 
translation of the mRNA molecule into cathepsin K polypeptide. The oligonucleotides 
described above can also be delivered to cells such that the antisense RNA or DNA may be 
expressed in vivo to inhibit production of cathepsin K 
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The antagonists may be employed in a composition with a pharmaceutically 
acceptable carrier, e.g., as hereinafter described. 

The antagonists may be employed for instance to treat diseases caused by or 
associated with mutant cathepsin K or abnormal cathepsin K levels, such as, osteoporosis, 
5 Pagefs disease, Gaucher's disease, CNS inflammation, Alzheimer's disease, 
hyperparathyroidism, bone degradation, metastatic tumors, rhemuatoid arthritis, 
osteoarthritis, periodontal disease and degradation of bone implants and bone protheses, 
particularly dental implants. 

10 Compositions 

The invention also relates to compositions comprising the polynucleotides or the 
polypeptides discussed above or the agonists or antagonists. Thus, the polypeptides of the 
present invention may be employed in combination with a non-sterile or sterile carrier or 
carriers for use with cells, tissues or organisms, such ns a pharmaceutical carrier suitable for 
administration to a subject. Such compositions comprise, for instance, a media additive or 
a therapeutically effective amount of a polypeptide of the invention and a pharmaceutically 
acceptable carrier or excipient Such carriers may include, but are not limited to, saline, 
buffered saline, dextrose, water, glycerol, ethanol and combinations thereof. Hie 
formulation should suit the mode of administration. 

Kits 

The invention further relates to pharmaceutical packs and kits comprising one or 
more containers filled with one or more of the ingredients of the aforementioned 
compositions of the invention, Associated with such coniainer(s) can be a notice in the form 
prescribed by a governmental agency regulating the manufacture, use or sale of 
pharmaceuticals or biological products, reflecting approval by the agency of the 
manufacture, use or sale of the product for human administration. 

Administration 

Polypeptides and other compounds of the present invention may be employed alone 
or in conjunction with other compounds, such as therapeutic compounds. 

The pharmaceutical compositions may be administered in any effective, convenient 
manner including, for instance, administration by topical, oral, anal, vaginal, intravenous, 
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intraperitoneal, intramuscular, subcutaneous, intranasal, intraarticular, or intradermal routes 
among others. 

The pharmaceutical compositions generally are administered in an amount effective 
for treatment or prophylaxis of a specific indication or indications. In general, the 
5 compositions are administered in an amount of at least about 1 0 mg/kg body weight. 
Preferably, in most cases, dose is from about 10 mg/kg to about 1 mg/kg body weight, 
dally. It will be appreciated that optimum dosage will be determined by standard methods 
for each treatment modality and indication, taking into account the indication, its severity,- 
route of administration, complicating conditions and the like. 

10 

Gene therapy 

The cathepsin K polynucleotides, polypeptides, agonists and antagonists that are 
polypeptides may be employed in accordance with the present invention by expression of 
such polypeptides in vivo, in treatment modalities often referred to as "gene therapy." 
15 Thus, for example, cells from a patient may be engineered with a polynucleotide, 

such as a bNA or RNA, encoding a polypeptide ex vivo, and the engineered cells then can 
be provided to a patient to be treated with the polypeptide. For example, cells may be 
engineered ex vivo by the use of a retroviral plasmid vector containing RNA encoding a 
polypeptide of the present invention. Such methods are well-known in the art and their use 
20 m the present invention will be apparent from the teachings herein. 

Cells from a patient may also be engineered with a polynucleotide, such as a 
iibozyme that has been constructed, using well known methods, to inhibit the gene 
expression of Cathepsin K. Other constructs may also be engineered into a patient's cells to 
contains antisense stretches of cathepsin EC sequence, using well known methods. Such 
25 antisense constructs will inhibit Cathepsin K expression in the patient. 

Si milarly, cells may b e engineered i n. viv o for ex pressi on of a polypeptide in vivo 

by procedures known in the art. For example, a polynucleotide of the invention may be 
engineered for expression in a replication defective retroviral vector, as discussed above. 
The retroviral expression construct then may be isolated and introduced into a packaging 
30 cell that is transduced with a retroviral plasmid vector containing RNA encoding a 

polypeptide of the present invention such that the packaging cell now produces infectious 
viral particles containing the gene of interest. These producer cells may be administered to 
a patient for engineering cells in vivo and expression of the polypeptide in vivo. These and 
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other methods for. administering a polypeptide of the present invention by such method 
should be apparent to those skJIJed in the art from the teachings f the present invention. 

Retroviruses from which the retroviral plasmid vectors herein above mentioned 
may be derived include, but are not limited to, Moloney Murine Leukemia Virus, spleen 
5 necrosis virus, retroviruses such as Rous Sarcoma Virus. Harvey Sarcoma Virus, avian 
leukosis virus, gibbon ape leukemia virus, human immunodeficiency virus, adenovirus, 
Myeloproliferative Sarcoma Virus, and mammary tumor virus. In one embodiment, the 
retroviral plasmid vector is derived from Moloney Murine Leukemia Virus. 

Such vectors well include one or more promoters for expressing the polypeptide. 
1 0 Suitable promoters which may be employed include, but are not limited to, cathepsin K 
promoter, a retroviral LTR. an SV40 promoter, and the human cytomegalovirus (CMV) 
promoter described in Miller et aL t Biotechniques 7: 980-990 (1989), or any other promoter 
(e.g., cellular promoters such as eukaryotic cellular promoters including, but not limited to, 
the histone, RNA polymerase III, and alpha-actln promoters), Other viral promoters which 
15 may be employed include, but are not limited to, adenovirus promoters, thymidine kinase 
(TK) promoters, and B19 parvovirus promoters. The selection of a suitable promoter will 
be apparent to those skilled in the art from the teachings contained herein. 

The nucleic acid sequence encoding the polypeptide of the present invention will be 
placed under the control of a suitable promoter. Suitable promoters which may be 
20 employed include, but are not limited to, adenoviral promoters, such as the adenoviral 
major late promoter; or heterologous promoters, such as the cytomegalovirus (CMV) 
promoter; the rous sarcoma virus (RSV) promoter; inducible promoters, such as the MMT 
promoter, the metallothionein promoter; heat shock promoters; the albumin promoter; the 
ApoAI promoter, human globin promoters; viral thymidine kinase promoters, such as the 
.25 Herpes Simplex thymidine kinase promoter; retroviral LTRs (including the modified 
retroviral LTRs herein above described); the alpha-actin promoter, and human growth 
hormone promoters. The promoter also may be the native promoter which controls the 
gene encoding the polypeptide. 

The retroviral plasmid vector is employed to transduce packaging cell lines to form 
30 producer cell lines. Examples of packaging ceils which may be transacted include, but are 
not limited to, the PE501, PA317, Y-2, Y-AM, PA12, T19-14X, VT-19-17-H2, YCRE, 
YCRIP, GP+E-86, GP+enyAml2, and DAN cell lines as 
described in Miller, A., Human Gene Therapy 1: 5-14 (1990). The vector may be 
transduced into the packaging cells through any means known in the art Such means 
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include, but are not limited to, electroporation, the use of liposomes, and CaP0 4 
prccipitati n. In one alternative, the retroviral plasirrid vector may be encapsulated into a 
liposome, or coupled to a lipid, and then administered to a host. 

The producer cell line will generate infectious retroviral vector particles, which 
5 include the nucleic acid sequenced) encoding the polypeptides. Such retroviral vector 
particles then may be employed to transduce eukaryotic cells, either in vitro or vn vivo. The 
transduced eukaryotic cells will express the nucleic acid sequence(s) encoding the 
polypeptide. Eukaryotic cells which may be transduced include, but are not limited to, 
embryonic stem cells, embryonic carcinoma cells, as well as hematopoietic stem ceils, 
10 hepatocytes, fibroblasts, myoblasts, fceratinocytes, endothelial cells, and bronchial epithelial 
cells. 

EXAMPLES 

1 5 The present invention is further described by the following examples. The 

examples are provided solely to illustrate the invention by reference to specific 
embodiments. These exemplifications, while illustrating certain specific aspects of the 
inyendon r do not portray the limitations or circumscribe the scope of the disclosed 
invention. 

20 Certain terms used herein are explained in the foregoing glossary. 

An N used herein in a nucleotide sequence refers to an unknown nucleotide or 
nucleotides. 

All examples were or may be carried out using standard techniques, which are well 
known and routine to those of skill in the art, except where otherwise described in detail. 
25 Routine molecular biology techniques of the following examples can be carried out as 
described in standard laboratory manuals, such as Sambrook et al„ MOLECULAR 
CLONING: A LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y. (1989), herein referred to as "Sambrook." 

All pans or amounts set out in the following examples are by weight, unless 
30 otherwise specified 

Unless otherwise stated size separation of fragments in the examples below was 
carried out using standard techniques of agarose and polyacrylamide gel electrophoresis 
("PAGE") in Sambrook and numerous other references such as, for instance, by Goeddel ct 
al. Nucleic Acids Res. 8:4057(1980). 
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Unless described otherwise, ligations were acc mplished using standard buffers, 
incubation temperatures and times, approximately equimolar amounts of the DN A 
Fragments to be ligated and approximately lOuniU of T4DNA ligase ("Iigase")per0.5 ]ig 
ofDNA. 

Example 1 Isolation and sequencing of human cathepsin K genomic clone 

cDNA as disclosed in U.S. Patent Number 5,501 ,969. was used to isolate the 
gDNA clone from a gDNA library (Clontech) according to the following method. Primers 
to adjacent exons (6 of the 7 exons) were prepared. The sequence of these primers is 
underlined in Figure 2. PGR was performed using standard methods well known in the art. 
Amplified fragments were cloned into a TA vector (Clontech) and the clones were 
sequenced by an automated sequencer (Applied BioSystems Model 373) by established 
methods well known in the art using forward and reverse sequencing primers. The 
sequence of all internal introns were obtained 5' and 3 1 terminal intron sequences were 
obtained as follows. 5' end primers were designed to obtain sequence for the first intron 
(see underlined primer in Figure 2), using these priinen 2 PI clones were obtained 
(Genome Systems Inc.). Both clones were full length. PCR was used to confirm the 
sequence of internal intron-exon boundary junctions (see Example 2). Primers derived from 
sequence at the 5* end of the PI clones was used to "walk" and sequence along the clone, in 
a stepwise fashion, using new primers at each sequence step, by routine methods known in 
the art Purification of PI clones was carried out as set form in Example 1(d). "Walking" 
and sequencing was performed in both directions to confirm cathepsin K gDNA sequence. 
PCR was again performed using proofreading Taq polymerase (PCR Ultima, Perkin Elmer). 

A transcription start site was obtained using a 5 RACE kit (Gibco BRL) and the 
protocol supplied therewith. This site was also confirmed using an RNASe protection assay 
kit (Hybspeed, RPA Ambion). Example I (a)-(d) provide further specifics concerning 
cloning and sequencing of cathepsin K 
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(a) DNA sequencing of intron-exon boundaries 
Infoon-Exon Boundaries 

5 Introu 1 

Intron 1 was identified by utilization of 5* RACE (Gibco BRL) technique to 
determine 5' UTR sequence from which primer could be designed to PCR from exon 1 to 
exon 2. (intron 1 starts prior to ATG so PGR may not.be readily employed based on cDNA 
sequence available.) Intron 1 was amplified by PCR on human genomic DNA (Clomech) 
10 and cloned into PCRII vector and sequenced as described in Example 1. 

Intron 2 

Intron 2 was identified by PCR on human genomic DNA from primers designed in 
exon 2 to exon 3, PCR product was cloned and sequenced using standard methods. 

Intron 3 

Intron 3 was identified by PCR on human genomic DNA from primers designed in 
exon 3 to exon 4. PGR product was cloned and sequenced using standard methods. 

20 Intron 4 

Intron 4 was identified by PCR on-human genomic DNA from primers designed in 
exon 4 to exon 5. PCR product was cloned and sequenced using standard methods. 

Introns5&rj 

25 Introns 5 and 6 were identified by PCR on human genomic DNA from primers 

designed in exon 5 to exon 7. PCR product was cloned and sequenced using standard 
methods confirming presence of both Introns. 

Intron 7 

30 Intron 7 was identified by PCR on human genomic DNA from primen designed in 

exoa 7 to exon 8. PCR product was cloned and sequenced using standard methods 

All introns that were identified by PCR on human genomic DNA were confirmed 
by PCR of the same regions on PI clone A (see (b) below) clone (Genome Systems, Inc.) 
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(b) DNA sequencing of 5' and V untranslated region (UTR) 
5' and 3' untranslated regions were isolated from a single PI clone (Genome 
Systems Inc.). This PI clone has been Identified herein as "PI clone A." Sequence was 
obtained by direct sequence walking up and down the PI clone with gene specific primers 
derived from confirmed cDNA sequence using standard methods. These regions were then 
cloned via PCR and confirmed by sequence analysis using standard methods. The 5* UTR 
was additionally amplified by PCR using proofreading Taq Polymerase Ultima in 
accordance with manufacturer instructions and cloned to eliminate sequence ambiguities. 5' 
and 3' UTR were further confirmed by PCR on human genomic DNA using standard 
methods. 

(c) DNA sequencing of mRNA Cap Site & size of exon 1 

An mRNA Cap Site was determined to be about 48 bp upstream of the start codon 
based on 5' RACE sequencing. Ribonucleic Protection Assay confirmed a protected 
fragment of about 48 bp in size indicating that the start site from transcription resides about 
48 bp upstream of ATG (start codon). Putative transcription factors have been identified by 
analysis of sequence with database transcription factor sequence information and these are 
set forth in Figure 3(S) [SEQUENCE ID NO: 2]. The 1.1 kb 5 f UTR fragment was cloned 
into pCAT expression vectors to further analyze the promoter sequence region. 

(d) PI DNA preparation 

PI clone A colonies were streaked out on Kanamycin LB plates, A single colony 
was picked and grown O/N in 20 mis with 25 Jig/ml of kanamycin. 500 mis of media (25 
Jig/ml kanamycin) was inoculated with 16 mis of the O/N culture and grown for 10 hours. 
Cells were pelleted by centrifugation and resuspended in 10 mis of Qiagen PI Solution. 10 
mis of Qiagen P2 Solution was added and incubated at room temp, for 5 min* 10 mis of 
Qiagen P3 Solution was added and the mixture left on ice for 15 mm. The sample was spun 
at 10,000g for 15 min. The supernatant was removed and extracted with phenol The 
supernatant was then re-extracted with chloroform. The DNA was precipitated following 
addition of NaOAc pH 5 .2 and 1 . 1 volumes of isopropanol. The DNA was pelleted by 
centrifugation for 15 min. at 10,000g and washed with 70% ethanol. To clean up the DNA 
for sequencing, 250 ul of DNA (about 50 fig) was added to 65 uJ 30% PEG in 1.5M NaCl. 
8.5 uJ of 3M NaCI was added and the mixnire incubated on ice for 30 min, The sample was 
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spun at 12,000g for 10 min. The supernatant was discarded and the pellet dissolved in 200 
111 distilled water. The DNA was then extracted with chloroform, vortexed and spun at 
10,000g for J rain. The aqueous layer was removed and the DNA precipitated with 40 jil of 
NaOAc pH 5.2 and 1 ml of ethanol. The sample was spun at 12,000g for 30 min, The 
5 DNA was washed with I ml of 70% ethanol and resuspended on distilled water. Prior to 
sequencing, the DNA was denatured with 0. 1 volumes of 2M NaOH and 2mM EDTA and 
incubated at 37°C for 30 min. The mixture was neutralized with 0.1 volume of 3M NaOAc 
pH 52 and precipitated with 2.5 volumes of ethanol. The denatured DNA was resuspended 
in distilled water at a concentration of 1 ug/ul 6 ug/uj were used in each sequencing 
10 reaction (ABI) using TaqFS. 

Example 2 Chromosomal mapping of cntbepsin K 

Purified PI DNA was used for FISH analysis (Genome Systems, Inc.) to map to 
specific chromosome. Prior results done showed by use of 2 PCR somatic cell hybrid 
15 panels that the gene mapped to Chromosome 1. FISH analysis confirmed mapping to 
chromosome 1 and also further mapped the gene to lq2L This is the same locus as is 
known for cathepsin-S. 

Example 3 Expression of cathepsin K In COS cells 

20 CAT Assays 

pCAT-CatK. which contains the 1 100 bp putative CatK promoter, upstream of 
the CAT reporter gene was transfected into COS cells by die DEAE-dextran procedure. 
Transfections were done on COS cells in 1 00mm dishes and 5ug of DNA was used 
As controls, pCAT basic, which contains no promoter or enhancer, and pCAT control, 

25 which contains the SV40 promoter and enhancer, were also transferred separately. 72 
hours after transfection, extracts were made fay fireexe-thaw and equal amounts of 
extract protein were used in both 1-hour and overnight CAT assays. No activity was 
detected in untransfected COS cells. pCAT-CatK showed a 1.4-1.6 fold increase of 
CAT expression relative to pCAT basic after subtraction of background from 

30 untransfected cells. Since it is possible that higher levels of activation may be obtained 
in the presence of various inducers, activation of the CatK promoter by adding 
exogenous 1.25 di-hydroxy vitamin D3 is betieved to occur. Vitamin D has been 
shown by others to activate transcription of osteocalcin, ostcopontin, calcitonin and 
P450 promoters through interaction with the vitamin D receptor and the vitamin D 
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response elements) found in these various promoters. The ability of vitamin D to 
transactivate these promoters is believed thought to play a role in the control of bone 
formation and resorption. Similar experiments can be performed to assess estrogen 
rwponsivoness which is also believed thought to play a role in the control of bone 
5 formation and resorption. 

Example 4 Gene therapeutic expression of human cathepsin K 

Fibroblasts are obtained from a subject by skin biopsy. The resulting tissue is 
placed in tissue-culture, medium and separated into small pieces. Small chunks of the tissue 
10 are placed on a wet surface of a tissue culture flask, approximately ten pieces are placed in 
each flask. The Mask is turned upside down, closed tight and left at room temperature 
overnight. After 24 hours at room temperature, the flask is inverted - the chunks of tissue 
. remain fixed to the bottom of the flask - and fresh media is added (e.g.. Ham's F12 media, 
with 10% FBS, penicillin and streptomycin). The tissue is then incubated at 37°C for 
15 approximately one week. At this time, fresh media is added and subsequently changed 
every several days. ■ After an additional two weeks in culture, a monolayer of fibroblasts 
emerges. The monolayer is trypsinlzcd and scaled into larger flasks. 

A vector for gene therapy is digested with restriction enzymes for cloning a 
fragment to be expressed. The digested vector is treated with calf intestinal phosphatase to 
20 prevent self-ligadon. The depbosphorylated, linear vector is fractionated on an agarose gel 
and purified 

Cathepsin K gDNA capable of expressing active cathepsin K, is isolated. Preferred 
constructs use the cathepsin K promoter for cell type-specific gene expression. The ends of 
the fragment are modified, if necessary, for cloning into the vector. R>r instance, 5' 
25 overhanging may be treated with DNA polymerase to create blunt ends. 3' overhanging 
ends may be removed using SI nuclease. Linkers may be ligated to blunt ends with T4 
DNAligase. 

Equal quantities of the Moloney murine leukemia virus linear backbone and the 
cathepsin K fragment are mixed together and joined using T4 DNA iigase. The ligation 
30. mixture is used to transform E. Coli and the bacteria are then plated on agar-containing 
kanamycin, Kanamycin phenotype and restriction analysis confirm that the vector has the 
Foperly insened gene. 

Packaging cells are grown in tissue culture to confluent density in Dulbecco's 
Modified Eagles Medium (DMEM) with 10% calf serum (CS), penicillin and streptomycin. 
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The vector containing the cathepsin K gene is introduced into the packaging cells by 
standard techniques. Infectious viral particles containing the cathepsin K gene are collected 
from the packaging ceils, which now are called producer cells. 

Fresh media is added to the producer cells, and after an appropriate incubation 
5 period media is harvested from the plates of confluent producer cells. The media, 
containing the infectious viral particles, is filtered through a Millipore Filter to remove 
detached producer cells. The filtered media then is used to infect fibroblast cells. Media is 
removed from a sub-confluent plate of fibroblasts and quickly replaced with the filtered 
media. Polybrene (Aldrich) may be included in the media to facilitate transduction. After 
10 appropriate incubation, the media is removed and replaced with fresh media. If the titer of 
virus is high, then virtually all fibroblasts will be infected and no selection is required. If 
the titer Is low, then it is necessary to use a retroviral vector that has a selectable marker, 
such as nco or his, to select but transduced cells for expansion. 

Engineered fibroblasts then may be injected into humans or animals, including for 
15 example, rats and mice, either alone or after having been grown to confluence on 

' microcarrier beads, such as cytodex 3 beads. The injected fibroblasts produce cathepsin K 
product, and the biological actions of the protein are conveyed to the host. 

It will be clear that the invention may be practiced otherwise than as particularly 
20 described in the foregoing description and examples. 

Numerous modifications and. variations of the present invention are possible in light 
of the above teachings and, therefore, are within the scope of the appended claims. 
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SEQUENCE LISTING 

(1) GENERAL. INFORMATION 

(i) APPLICANT: Debouck, Christine 
Drake, Fred 
Gowezi, Maxine 
Rood, Julie 
Hastings, Gregg 
Adams, Mark 
Fraser, Claire 
Lee, Norman 
Kirkness, Bv/en 
Blake, Judith 
Fitzgerald, Lisa 

(ii) TITLE OF THE INVENTION: CATHEPStN K GEBTE 

(iii) NUMBER OF SEQUENCES : 32 

(IV) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SmithfCLine Baeehaia Corporation 

(B) STREET: 709 Swedelaud Road 

(C) CITY; King of Prussia 
<D) STATE i FA 

(E) COUNTRY: USA 
(Fj ZIP: 19406-2799 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
(B> COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 1.5. 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) PILING DATE: 07-MAY-1997 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER; 60/019,942 

(B) FILING DATE i 14-JUNE-1996 
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PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/020,273 

(B) FILING DATE: 17-JUWE-1996 

PRIOR APPLICATION DATA: 
\K\ APPLICATION NUMBER: 60/026,273 

(B) FILING DATE: 26-AUG-1996 

(viii* ATTORNEY / AGENT INFORMATION : 
|A] NAME: Han, William T 
{B] REGISTRATION NUMBER: 34,344 

(C) REFERENCE/DOCKET NUMBER: ATG50006-2 

fix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE : 610-270-5219 

(B) TELEFAX: 610-270-5090 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13674 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic una 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSEt NO 
(V) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



GCTTTGGCTC CCAAAGGCCT GGGATTACAQ GCGTGAACCA CTCCCCCTAG CCTGTTAGCA 60 

QCTCTTAAAA TCCAGAGGCA TAAGCCTGTA TTTTTGAGGQ TTTATGCATG GAATCCAGCT 120 

AGAAACTGAG TCTATTACAG ATCCCATTTA TTATCCTTTC TATTCCAAGA AGCCTTTTTT 180 

TCTCCTTCCC CACATCTGTT TATGGAAGAA AATGAAGTTT GGGGTGTGGT TTGAGGAATC 240 

AGCTAGATTC TTATGATCTG TCACATGCTT GGATGTTGGG GAAGCATTTG GAGAAGCTCA 300 

TGTGACTTGT CCTAGATTGG GGATTTTAAT TGAGACAGAT GATGTTTATC GGGCATCCCA 360 

CCACCTGAGA GTTTTAGCAA CAGAGTCACA TGTGAGTCCA TCAGAACTTA CGGCATTGAT 420 

TCAAGTGCTG TCATAAATAA CCAGGACTGC TGTTTTTGQT TACTTTTAAA GACAGTTTCA 480. 

TCTGGACTTr CTGGGCATAT ' CCTCCTTCAG CAAAACCACA TTAGGCTGGG AAAACTATTC 540 
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TGCCTGGAAG TAATGACAAC TTGCAACCAA CAAGCTTATA AAAATACAAA GAATTCTCGA 600 
GCCTATGGCT TCCATTACAT TATTCTTTTA TAGCCTTTTA TGTTCATTAC CGCATCCCAG 660 
ACCTGAGAGT CAGACACAAA TATGAAAATA GGTTTCAATG TTOGAOAGGT AAATCCTAAC 720 
AGGAAAGGGG TAGGAAAAGA TATAATCCCC CAATATTAAA ATAAACATAT TOAAGAAGAA 7 BO 
GGATGGGAGA GACTAGGGCT GTGTCCTTCC TTTTACTCAC CAAAAGAGAA AGTAAGCFCC B40 
TATTTGAGTC AATAGATATT GAGGTCT7GT TATTTGCCAC CAAAGACAGT CTTGTGAGAC 9 00 
TAAATAGCTA GTAATTCCCT ACCCTGGCAC ACATGCTGCA TACACACAOA AACACTGCAA 960 
ATCCACTGCC TCCTTCCCTC CTCCOTACCC TTCCTTCTCT CAGCATTTCI ATCCCCGCCT 1020 
CCTCCTCTTA CCCAAATTTT CCAGCCGATC ACTGGAGCTG ACTTCCGCAA TCCCGATGGA 1080 
ATAAATCTAG CACCCCTGAT GGTGTGCCCA CACTTTGCTG CCGAAACGAA GCCAGACAAC 1140 
AGATTTCCAT CAGCAGGTAA CGTTTGCAAC TTCCTAGATC TTTTAGCTTT TCATTCCTOT 1200 
CAATTCTCTG AGTATTAGGG ATGTAGTGAC TTGAGGATCA CAATAAACTT TTAGCCTCTQ 1260 
CAGATGAAAA CAGAGATGCA CTTCTTAGGT CATTCCCTGG CTAAATAAAA TCTGCCTGQA 1320 
AATCTGTAGA ATTCCTTGTA TGATTTATAT ATATACATAC ATGATTGTTA GTAAAAGCAA 1380 
AGTATArAGG GAATCATTTC CCCATCCTTC AAGAGTGGCC TTTCTGCAGT GTTTTCTACT 1440 
TTGGCCAACA AGGATCAAAA CGGTTAACTC CTTAGTGAGG AGGAGGAGAG TGGTATGGGG 156 0 
AGGTAGTAGC TCAGTGCTTC CTGTTCACTG AGACATCTCA AAGCCCITAA CACTCTASIT 1560 
TTTAAATGTC CTACTGGACA TTTTGCCAGT TTGCAAAATT ACATGTAAAT GGACTATAAG ' 1620 
CAATTCTGTA AGCCATATGT CATGCTCCAG GCTGCAAATT GTTCTTAAAA TGGAGGATTr 1680 
GTAATTAAGA AAGCCAATGC AAGAAATQAG TGAAGCTAAC TACACTAAAC TTATGAAAAG 1740 
CTGTGAATTT CATCATCATA GAACATTGCT TTTCAGTCTG AACATTCTTC TAACAAACCT 1 1800 
TGGATCTGAG GCTTCTTGTC CTTTGCGGCA GCCACAGTGG GTTTTTGTTG TTAGGGGAAA 1860 
ATAAAAAACC TTGCCCCCAG CATCTGGTTA AGATTAGGGC AGTTTCCTGC CTAAGGAGGG 1920 
AAGGGAGAGA AAAAGGAAGA AGAAATOCAT AACGAGAATO AGCAGATATA CAATCTCTCA 1980 
GAAAACAGGA AACATTGTCC TATTTTCCCT TGTCCTCTTC TGACAAGATC TGGGAAAGTA 2040 
CCAGAATTTA GGCACGAAAG AGAAGAACGC CTCGAAGAAA TGATCAGGAA GCAAAACTTA 2100 
GACGGAAATC TCTCCTTTGT GTATTCTGAA CCCCACTACC ACCTTGCTAT TTGTCTOTCT 2160 
CCAAGCCTGC TAGGGACCCT GGAGGAAACG CACTGAGCCC ATTCTGATTG ICCAGTTTCT 2220 
ATCCCCCATT TCTGGTTGTG TACGTGTGTG TGTGTGTGTG TOTGTGTGTG TGTGTGTGTG 2280 
TGTGTGTGAG AGAGAGAGAG AGAGAGAGAG AAACAGAGAG AGTGTGTGTT GCCTAAATCT 2340 
CCCGAGAGAG AGAGAGAGAG AGAGAGAGAG AGAGAGAGAG AGAAAAGAGA GAAATGGCTA 2400 
AATCCCCCTA GATCAAAGTC CTTGGAACCA GATGTACCAG CATCCTATCT AAACACAGGC 2460 
CCCTCCTGAC TATCATTGTT TTATCACCCT TTTTCCGTCT ACCTTTCTCT TCCTCATAAA 2520 
GCCTAGTTTT CCTCTGTTTC CCTGCCAAAT GGAAGAGTTT TCCCTAACTA CATTCTTCTG 2580 
CAGGATCTGG GGGCTCAAGG TTCTGCTGCT ACCTGTGGTG AGCTTTGCTC TGTACCCTGA 2640 
GGAGATACTG GACACCCACT GGGACCTATG GAAGAAOACC CACAGGAAGC AATATAACAA 2706 
CAAGGTGCCT GGGGTCCTGG AGGGGGCATG GCAGGAAGGC TGAGACCTGA GCTCTCTCAT 2760 
CTTAGCTTCC AGACTCCCTT CTTCAATCCA AATGCTTTAT TCCAAGCAAA TCAGTCCCTC 2820 
TTCCCTAACT CATGTTAACA TACGGTTTTC ATTCCTATGC TTCAATCATC CTCTTK3TCAA 2380 
ACTTGTATTC CTTCCCTTTG GTTTTATAAG TCTCTAACAT TCCTCTTTTG GGAAGAGTCC 2940 
CAAGATTAAT GCTGTTAATC CATAAGCAAT TTTTCTGTCT CTCCAGAGCT TGTGTGGTTG 3000 
TTTACATATT ATCTCTCTTC TTGCAGGCTC TTAATTCCAT GGTTAGTTCC CCAACTAAAC 3060 
TGTAAACTTT TATGATTGTG AGTTTCCTTT ATTCTCCTAA AACCCTTCAC AATATTACAT 3120 
ATGAACTGTA GACAGTCTAT ACAAGTACTG ACTATGCT7T GTTTAGGTGG ATGAAATCTC 31 B0 
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TCGGCGTTTA ATTTGGGAAA AAAACCTGAA GTATATTTCC ATCCATAACC TTGAGGCTTC 3240 
TCTTQGTGTC CATACATATG AACTGGCTAT OAACCACCTG OQOOACATOO CAAQTATAGC 3300 
TTCAGCTCCT GTCCCACCTG CACCATTTGC TTTAGTTCCC TGCTGATGCC TGGCCTCTTT 3360 
CTTCTTTGTC TTAGACCAGT GAAQAOGTGG TTCAGAAQAT GACTGGACTC AAAGTACCCC 342 0 
TGTCTCATTC CCGCAGTAAT GACACCCTTT ATATCCCAGA ATGGGAAGGT AGAEOCOCAG 3480 
ACTCTGTCGA CTATCGAAAG AAAGGATATO TTACTCCTGT CAAAAATCAG GTACTC1CCT 3 540 
TTCTTCTGGG TGTGCATATG TAATCTGGCA TGACCTTTTC CTTTTTCTGC TGCTTTGTTC 3 60 0 
TTGAGGTCAA ACGGCACCAG OAAAACAGCG CAACGAATTA AGCTACATCT CCCCATTCCC 366 0 
ATTCTGTTAT TTAACCTCAT TTGTTTCTOT ACATTTGGGT TGTTTCTGG? TTTTCTTTTT 372 0 
CTTTTCCCTT TWTTTTTTT TTTTTTTTTP GAGATAGAGT CTCACTCTGT CGCCCAGGAT 3780 

GGAGTGCAGT GGTGCAATCT TGGCTCACTG CAACCTACAC CTCCCGGGTT CAAGCGATTC " 3340 
TCCTGCCTCA GCCTCCTGAG TAGCTGAGAT TACAGGCACG CGCCACTACG CCTGGCTAAT 3900 
TTTTCTATTT TTATAGAGAT GCGTTTTCAC CATGTTGGCC AGGCTGGTCT TGAACTGACC 3360 
TCAGGTGATC CACCTGCCTC AGCCTCCCAA AGTGCTGGGA TTAGAGTCAT GAGCCATCGC 402 0 
GGCCTGGTTT TTCTTTATTA CAAATAGTGT TGCAATAAGC ACCCTTGTGC ATATGTTTTT 4080 

GTGCACATGT ACAAATATTT ATGCAAAATA AGTCCTAAAA TTGGAATTGT TAGGTCACAA 4lll0 

ATAArCCTTT CCCCCCCCCC AAATTTTTTT TTTTTTTTTG AGACAOCGTC TCTGTCACCC 4200 

AGGCTGGAGT CCAGTGGCGC AATCATGGCT CACTGCAGCC TCAACGTCTC AGGCTCAAGT 4260 

GATTCTCCAA CCTCAGCCTC CCTAGTAGCT GOGAATTAGA AGCACATGCC ACCACACCCA 4320 

GOTAATTTTA AAAAATTTTT TGTTAGAGAC AGGGTTTTGC CATOCTACCC AAGCTGGTCT 4380 

CAAATTCCTG GGCTCAAGCA ATCTGCCCGC TTCGGCCTOC CAAAGTGCTA GGATTACAGA 4440 

CATGAGCCAC CATGCCCAGC CCAAAAAAGT TTTTGCAATC TTACATTCTT ACTAGCATGA 45 00 

GAATGTCAGT mTTCACAA CCCAAACAAC ACAGGATTGT ATCAGCAAGA TAAACAATTG 4560 

ATTTAACGTT CATTTAACAA ACACTTTTTG ACCCCCAGAA CCTACCAQAT GCAGTGTTAG 4620 

GCAGCAGAGA CTCAAGATGA CrAAGACACA ACCTGTGTCC TCAGGAAATC TCAATCTAAA 4680 

AAAATAGAAC AGGAAAGAAA GAAAAATCTA CMTCTAGCT GCACAAACAA TAATAGCTAA 4740 

TACTTTTTGA GATTTTATTG' TTTGTCAGGA ACTTCTTAAC TCTTTACATG AGTTTAAATA 480O 

TTTAATCCCT TATAACAATA TTTTATGCAT AGAGAAACTG AGACACAGGC AAATTTAGTA 4860 

ACTTACCCGC CCTCACATAC CTACTGGGTG GCAAACTCAG GGTTAGCTCC CAGGACAAAT 4920 

GCCTCCACAG CTGGTACTGT GCTCTGCTTT ACTGTAGCTA ATAGTAAAAA TGG7AGCAAA 4980 

AATCAATAGC AGTAGAACAG TGCAACAGAT ATTAAGCGGA AGAGGAAGAC TCACAACAAT SO 40 

GACAACATTT GTGCTGAAAT TTTTAAGAAC ACATGGAATT TCCTTCAGCC GGGTAGAGAG 5100 

AAGATATAGA AATGTAAACA CCAAAGATTC ATAGTTTCTC TGTATCCCTT TCAGGGTCAG SI 60 

TGTGGTTCCT GTTGGGCTTT TAGCTCTGTG GGTGCCCTGG AGGGCCAACT CAAGAAGAAA 5220 

ACTGGCAAAC TCTTAAATCT GAGTCCCCAQ AACCTAGTGG ATTGTGTGTC TGAGAATGAT 5280 

GGCTGTGGAG GGGGCTACAT GACCAATGCC TTCCAATATG TGCAGAAGAA CCGGGGTATT 5340 

GACTCTGAAG ATGCCTACCC ATATGTGGGA CAGGTGAGAT TGCTCCACAC AATTATACAG 5400 

CTCTGTTGGC TCCTCCTTCC CCAGCATGAT G1TTTGTACT GGAAACAATT CCAGAAATAC 5460 

TGTTTTCTGT TATCCTATCC TGCTTTCTTG ATGGAATAAT TTCCCACAGA AGGCCAAGAA 5520 

QATTTCCACA ATCTGGGGGA ATTTAGGGAG CTTAAGCTAC TATACrCTCCT ATTTGCATCT 5380 

CTGCCATCGA GAGAAAACAG AGGCTAGGCT ACCTACCCCA TAGACTTCCG AGCTGGGTTC 5640 

TATAACCCTC TGCTCAATTC CTCACTCCCA CAACAAACCC ACAAACCCAC CATGCTATTT 5700 

TCACAAATTG TGTGGCTTTA TTTTATATGA TCTCAGTGTG AGTTTTCAGA ACATTTCAGC 5760 

AAATTATGTA AGTTTACATG CTAACATCTA TAAAATGAGA GAAAAAACAA GTTGCTTCAT 5820 
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ATAAGAGATA AGGGATTAAC TCAGTTCCTC CTGCATGATC CTCTAGTCAT AGGAAGGAAA 5880 

TCArATCTGA AAGGGAGGCA ACCTGAGGGG TTTTTTATAC ACATAGGGCT GGGTCTGATA 5940 

GACAATATAA TOTAGGGCCf TCACAACAGA AACCTCTGAA ACAGGGACAG CAAGTTTGAG 6000 

AATAAAAATG ATGGCTACTG TGTTCTAAGC CGTGTCCTTA GTGCATTTTT TCTTTTTCTT 6060 

TTTTTCATTT AATCTCATAA CAACTCTGTT AGGTAGACTT ATCTTGAATG TATAGGTGAG 6X20 

GAAATGQACA CTTAAGGAGA TAAGACAGTA TAATTCATAC CACTAGTATG TAACAATGTA 6180 

AQATGTATCT ACCAGGGATG TTTATCTTCT GCAAACATTC CTAGGTATAT CTCCCATGCA 6240 

CATGTGCAAG AATTTCTTAC TAGGATATAA TGCCTTGGAA CTGAATTGTC TGGGTCTTAG 6300 

GGTATGTCTG TCTTCAACTT TACTACACAA TGTCAAATTG TTTGCCAAAA TATTTGGAAA 6360 

AATTTATACC TGCAATGTG? AAGAAATCCC CTTCAATCAC CTTTTTATCA GTATGTTTAT 6420 

CTGG CC ATTT GCATTTCTTC TTCACTCAAT TAACTGTTTT 1ATCTCTTGC TCArTTGTTT 6480 

TTCTTTTTAT TTTTTTGAAA TAGGGTCTTA CTCTGTTGCC CAAGGCTGGA GTGTGQTGAT 6540 

ACAGTCATAG CTCACTGCAG CCTCCACTTC CGGGCTCAAG CAATCCrCTC GCCTCAGCCT 6600 

CCCAAATAGC TAGGATATAG GTGCATGCCA TCATGCCCAC CAATTTCAAA AAACCTTTGA 6660 

' AATTTTTTTT TTGTAAAAGC TAGGCATGGT GGCTCATGCC T3TAATCCCA GCACTTTGGG 5720 

AGGCTGAGGT GGGGtfRCNTN UDAGGATCGC TTGAGCCCAG GAATTGGAGG TCGGCCTGAT 6730 

ACAACATAGC AAGACCTCAT CTCTACAGAA AAAATTTTTA AAAGTAGCCA GGTATGATGG 6840 

CGTGCATAGT TCTAGCTACT CCGGAAGCTG GTTGGGAGGA CAACTTGAGC CTGGGAGTTC 6900 ' 

AAGGCTGCTG TGAACTGTGA TCATGTCACT GCTCTCTAGC CTGGGTGACA GAGTGAGACC 6960 

CTGTCCCCAA AAACAACAAC CGTTTTTTTT GGrAGAGACA TTGTCTCGCT ATGTTGCCAA 7020 

GGCTAGTCTC AAACTCCTGG GCTCAAGCAA TCCTCCCACC TCCCAAAGTG CTGGGATTAT 7080 

AGATGTAAGC CACCATGCCT GGCCTACCCT TTTTTTTTTT TTTTGAAATG GAAGTTTTGC 7140 

TTTTGTCACC TAGGCTTGAG TGCAGIGGCG CGATCTTGGC TCACTGCAAC CTCCACCTCC 7200 

TGGATTCAAG CAATTCTCCT GCCTCAGCCT CCTGAATAGC TGGGATTATA GGCACCCGCA 7260 

ACCACGCCCG GCTAGTTTTT GTATTTTTAG TACAGACAGG GTTTCACCAT GTTGGCCAGC 7320 

TGGTCTTGAA CCCCTGACCT CAGGTGGTCC GCCCGCCTCG GCCTCCCAAA ATGCTCGGAT 7380 

TAAAAGTGTG AGCCACCATG CCCCACCCCT TACTCATTTT TAATTGGATT GTTTTTTCTC 7440 

TTTCTTAGCG ATTCTTAAAA GTTTAAAGAG AATATTTGGA TACAATACTA TOTATTTAAA 7500 

AGTTGAGGTC TGTCTTTCCA TTCTTCTCAC GATGTCTTTC AATCTAOAAA AGTTAATTTX 7560 

AATAGGCCTG GCGCGGTGGC TCACGCTTGT AATCCCAGCA CTTTGGGAGG CTGAGATGGG 7620 

TGGATCACAA GGTCAGGAGA TGAAGACCAT CCTGGCTAAC ATGGGTGAAA CCCTCTTTCT 7680 

ACTAAAAATA CAAAAAAATT AGCTGGGCGT GGTGGCAGGT GCCTGTAGTT CCAGCTACTC 7740 

GGGAGGCTGA. GGCAGGAGAA TGGCGTGAAC CCGGGAGGTG GAGCTTGCAG TGAGCCGAGA 7800 

TTGCACCACT GCACTCCAGC CTGGGCAACT GAGCAAGACT GCGTTTCAAA AAAAAAAAAA 7860 

GTTAATTTTA ATATAGTAAA ATTAGTAAAA GGATTAATTT TCCCTTTCCA ATTTTTGTAA 7920 

TGTGTTTTAT TCGTTTATGA ATGGAGAAAG GTAAGAAAAA ATAAAATTTA AAAAAGAAGA 7980 

GATGTGGCCA GGTAOGGTGG CTCACACCTA TAATCCCAGT AGTTTGGGAG GCTGAGGCAG 8040 

GCAGATCACT TGAGGTCAGG AGTTTGAGAC CAGCTGGGAT AACATGGTGA AACCCCATCT 8100 

CTACTAAAAA TACAAAAATT AGCCAOGTGT GATTGCGCAC GCTTGTAATC CCAGCAGGCT 8160 

GAGGCAGGAG AATTGCTCGA ACTCAGGAGG CAGAGGTTGC AGTGAGCCAA GATCATGCCA 8220 

TTGCACTCCA GCCTGGGTAA CAGAGACTCT GTTTCAAAAA AATAAAAAGA TAAAAAAGGA 8280 

AGAGATCTGA TAGGGCGGCC AGATAAACAT TTTAAACCGG ATGGTATTAT AAGTTTGTTC 8340 

CCAGCATAAT GCCAGGTTAT TCTGACTTTA AAGTATCATC ACATAATATC TTTTTGAGTC 8400 

AATTTCCAAC ATATTCTGTT TCACTTGTAA TTCTGTGTAA TTTTTGGCAC CAGGAGGCAT 8460 
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CAGGGATTTG GAGCACATGG CAGAAACAAA GGCATCTTGA AAAATATCAA GCCAGTAGAC 8520 
. CACT3TAATC TTAAAATGGC ATATCAAATG CTGCTATTGC TGTTAATATT TAGATAATGT 8580 
TAGATAATGT ATTTTTTTAG AGGGTATCTC ACTATCTTGC ACAGGCTGGA GTAGAGTGGC 8640 
TATTCACAGC ATGATCACAG TACACTAAAG GCTCAAACTC CTGGGCACAA ACAATCCTCC 8700 
TGCCTCAGCC TGCTGAGTAG TAGATAATAA GTTCTTGTGG ATGCAACCTT AGGGTTCTGA 8760 
AGGGGTAGTC TGTAGGAAAA TGAATTOCTG AAAAOAAXAC ACCACCTTAA CATGGGCTAT 8820 
TATTCGATTC CATAATTOTG GCTTCCCAAT OAAACATTGC TAACTACCTG TAAAATATAG 8660 
TGTTGGAAGT CATAGGCTAA ATTGCTAAGT TCTTTAATCT ATTTTAGTGT OTTGTTATGT 8940 
ACTTTTATAT TTTOTCTOTG ATGAGAGCAC AAGSATCACA CCAGTTCCCC TGATATAGGT 9000 
GCAGAGGGCC CAGGTCTTCC CTCTAGCTAA GCCTTGGCCT TGGCCTCCTA CCCACACAGC 9060 
AGCTGGTGCC TTCCTQCCCC CTGAGGCTAA TACATACTAT GTGGCCAGAA GATGGTTTAT 9120 
GCTTTTTAAA AAAATCTTAT TTCAGAAATC TTTCCCTACT GTTTTCCTCC CACATTTATG 91 BO 
TCTTAAAACA CCTGTAGGOG ATTTTTTTTT TTTTTTTTTT TTTGAOATGG AGTCTCGCTC 9240 
TCGCCCAGGC TGGAGTGCAA TGGCGCGXTC TTGGCTCACT GCAAGGTCTG CCTCCCAGGT 9300 
TCACGCCATT CTCCTGCCTC AGCCTCCCCA GTAGCTGGGA CTACAGGCGC CCGCTACCAC 9360 
GCCTGGCTAA TTTTTTTGCA TTTTTAGTAG AGACAOGGTT TCACTGTTAG CCAGQATGGT 9420 
CTCGATCTCC TGACCTCGTG ATCCACCCTC CTCACCCTCC AAAGTGCTGG GATTAACAGG 9480 
CATGGAGCCC CACCGCACTG GCCTGTATTT GTGAGGAAGA ACAGACCCTC TTTAGAAGCC 9540 
CTAGACTGCT GCCTCTGTTA GTTCACTGGC ATCACTCAAA ATATTGGTTG AGTTTCTTAC 9600 
TCACTOAGTT GGTTTTTATG TGTGCTGCAA GGOGGGAATC CTCTTTTCAT ATTCGTTCTC 9660 
ATTGCCTATT GCTTTOTCCT AGTCCTATTA CAATCTTGTT TCTTCCAGGA AGAGAGTTCT 9720 
ATGTACAACC CAACAGGCAA GGCAGCTAAA TGCAGAGGGT ACAGAGAGAT CCCCGAGGGG 9780 
AATOAGAAAG CCCTGAAGAG GGCAGTGGCC CGAGTGGGAC CTGTCTCTGT GGCCATTGAT 9840 
GCAAGCCTGA CCTCCTTCCA GTTTTACAGC AAAGGTAAGA AGCTGCTGAT CCTATACAGC 9900 
ACTOTCTTTT ATGATACAAA CTTGATGGTT TCTCGAAGGA CCTTGGGTAT TTTCAGTACT 9960 
TAGTTOTTGT ATTCACATGG AGGTGGCCAG AGAGAAATTA ACAACTGCTG CAQTATGGAG 10020 
CAGCATCTCT GTGGTAAACC CTCCTQACAC GQATGGAATT CTTCAAACAC TCTCCTAGAC 10080 
TGGGAGATCC CACAGGGTGA CCCTTGGATT GCATAGAGCC TCACGCTGGT AGTTTCTATT 10140 
CTAGGTGTGT ATTATGATGA AAGCTGCAAT AGCGATAATC TGAACCATGC GGTTTTGGCA 10200 
GTGGGAXATC GAATCCAGAA GQGAAACAAG CACTGGATAA TTAAAAACAG OTAATGATGG 10260 
GAACACTACT TTTGTTATTC AGTCACCCTT TTAACACTCA ACCTCACCTC CAGCTTCCCG 10320 
ATATTCCTTT CTCTGTCCCA AATCAAGAAA AAATTATCTC AGAGTTCTCA CTTCTATCTT 10380 
CTCAOTCAGA GGCTCTTAAT TCTCAGTCTG ACACTTAATG GCCAGTGTGT TAGTCCATTT 10440 
TGCATTGCCA CAAAAGAATA CCCGAGACTG GGTA.GTTTAT AAAGAAACGA GGTTTGTTTG 10500 
GCTATACAAA GCGTGGCACT AGTATCTGCT CAGCCTCTGA TGAGGCCTCA GAGCTTTTAC 10560 
TCATGGCAGA AGGCAAAAGA GGGAGCAGGC ATGTCACATA GTGAGAGAGG GAGCAAGAGA 10620 
GAGAGGGAGG TGCCGACTCt TTAAAGAACC AGCTCTTGCA TGAACTAATA GAGTGAGAAC 1O680 
TCACTCATCA CCAAGGCGAT GGCACCAAGC CATTCCAIX3A GGAATCCACT CTCATAACCC 107 40 
AAACACCTCC CACTATGCCC CACCTCCCAC ATTGGGGATC ACATTTCAGC ATGAGACTGG 10800 
GAGGGGACAC ACATCCAAAC CATATCCGCC AGACAATAGT GCTCAATTAT GTGCTGGGCA 10860 
GATGCTCCCT GTGTGCAAGG TGCTTAGTGA CATACATAAA CCAACGAGCA GATGACACCT 10920 
TCAGTGAGCT CAGAGCCCAA TAAGACAGAC CTAACTAACC ATGAGATAAA GCAGTACAAA 10980 
GAACCAGCAG GAGCTTTGGA ATTACGTATT TTTACTTTCT TTTGTCTCTA ATGTGATCAG 11040 
TTTCTTAGAT GGTTTCCATT AGCAATCTGT CTTTAACAGT AGGGGAGCAG CGTTAAAGGT 11100 
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TTAATATTCC TTTTGAACAG TTTTTTTCCT TCAAAATACA CTTAACATAC ACCTATATAA 11160 
GAACTTGCCA AAGATTGTGA AGAGAAACAT TTTCTAGAAA TAAGATATAA ACAAAAAAAG 11220 
TTAGTGTTAC TTTCCTATGT TGGGGAACAA AGAAAACTCC AGGGTACCTT GCTTCCCATT 112B0 
TCTCTTTAGC ACCTTGTGAC TTTTGGGGAO GGGCAGATTG ATAACAATTA TAGTTTTCCT 11340 
TTCCTGGCTG ATCACCATTA ACCTGGCAGC AGCACTGGCT AAATCTCCTG TCCTTAGTGC 11400 
CCTCCAAGGA GCAGGAGCCC TAGACTCTGG GTCCCTGACA GACTCACGCA GTGGTGTTGT 11460 
TCAAACCTGA AGCAACTTTT TATATCACAG TTCCAACTCA AGGTGAACCT GAGCATCTTC 11520 
CCAAGTCTCC CACAGCTTCT GTCCTGTGTT GTCCCTTCTC TTGACTCCCA GGTCCAAGCA 11580 
CTTACCCTGT • TCTTTCATGA TCAGGTACCA TGTGTGGAGA TAGCTTCCAA GAGAGCTGGG 116*40 
AGGAAGAAAG GACACACCCG GGCAGGATCA GGAACACTGG GGGCCCCTGG AGAAGGGGAG 11700 
AGTGGGGGAG GGTACAGGTT TTAAATAAAA TGTGTTGGTA ATTAGAGAAT TOCTGGTTGG 117 60 
GGAAAGAGGT CTGAAAACAA TTCAGGAAGA TAAACAAGAC AATCTCTCCT CTCTCCTCTT 11820 
TCTCACGTCG TCTCTCTTGT CTTCTAGTCT CGCTACTCAT TTCCTTACTA. ATCTCATCCA 11880 
CTCTCATAGT TTCATCCATC TCTCCTATGG GGTTTACCCC CAAATCAAGA TCACCAGCTT 11940 
CAGCCTCCTT CTTATGCTCT AAACTCACAT TTTCAAGATT AATATTCCCC AAATACAGCT 120 00 
CTGATCATAT CACTCTCCCA CTCAAAATCC CTCACTGGCT CCTCACGATG ATGGGTCACA 120^0 
GAGTAAAGGT GAAGCTTTTT ' AACCTTGCAG TAAAGGTAAT TCAACCTOAT CTCAATCTGC 12120 
CTTTCCAGAC ATCTCTCCCA CTACACCCTG TTAGGCACAC TGCTTTTCAG CTACATGATC 12180 
CTAACAGTGC CCCACACTTT CCTGCCTCTG TTGTTCATTT CACACCCTTC CACTGGCATC 12240 
CCCTTCCCAC AGGTCGAAAT TCTACTTAGC CTTTTGGCTC AGCTCAAATG CCACCTCTTA 123 00 
CATCAAGCCT CTAAGATTCT CTTGATCAGA AGGAATCTTT CCCTCCTTTG ATACCTACAG 12360 
TATTATGCCT TCTCCCTATT TCTTGACTTT AAACTCTTTA AAGTTAAAAA ACATCATATT 12420 
CATTTTTGTG TACCATCAOT ACCTCGCACA ATACTCACTA AATATTTTAA TGAATAAATA 124 80 
AACTGAGAGT ACTAAGTATT TTTCTTGATT GGTCTTACAG CTGGGGAGAA AACTGGGGAA 12540 
ACAAAGGATA TATCCTCATG GCTCGAAATA AGAACAACGC CTGTGGCATT GCCAACCTGG 12600 
CCAGCTTCCC CAAGATGTGA CTCCAGCCAG CCCAAATCCA TCCTGCTCTT CCATTTCCTT 12660 
CCACGATGGT GCAGTGTAAC GATGCACTTT GGAAGGGAGT TGGTGTGCTA TTTTTGAAGC 12720 
AGATGTGGTG ATACTGAGAT TGTCTGTTCA GTTTCCCCAT TTGTTTGTGC TTCAAATGAT 12780 
CCTTCCTACT TTGCTTCTCT CCACCCATGA CCTTTTTCCA CTQTGGCCAT CAGGACTTTC 12840 
CCCTGACAGC TGTGTACTCT TAGGCTAAGA GATGTGACTA CAGCCTGCCC CTGACTGTGT 121900 
TGTCCCAGGG CTGATGCTGT ACAGGTACAG GCTGGAGATT TTCACATAGG TTAGATTCTC 12960 
ATTCACGGGA CTAGTTAGCT TTAAGCACCC TAGAGGACTA GGGTAATCTG ACTTCTCACT 13020 
TCCTAAGTTC CCTTCTATAT CCTCAAGGTA GAAATGTCTA TGTTTTCTAC TCCAATTCAT 13080 
AAATCTATTC ATAAGTCTTT GGTACAAGTT TACATGATAA AAAGAAATGT GATTTGTCTT 13140 
CCCTTCTTTG CACTTTTGAA ATAAAGTATT TATCTCCTGT CTACAGTTTA ATAAATAGCA 13200 
TCTAGTACAC ATTCATTTTG TGTTGGATAC TGTGTTAGGT GCTGGAGGAA AAAAGATGAA 132 60 
TAGAACATCT TCTATGTACT TGATGCGCTC ACAGTCTGGT- TGTAGAGACT GTCACATAAA 13320 
CATTTCATCC CAATTCATTT ATTTGTTCAT TCCTTCAGCC AATATATATT GAGTTCTTAC 13380 
TCTGTGCCAA GAACTGTACT ACATTTCTGG GATTAAGTGG ATATAAGGAG ATCTCAGTGT* 13440 
TTAATCTGCC TGAGGGGAGA CTAAATTAAQ TGACATGGAA ACTTGGGTCT TGAAAAACAT 13500 
TTTAAGGTTA TTTTTTCTTT TCTCTCTCTC TCGCTCTOTC TTTCTCTCTC TTTCGTCAGG 13560 
GTCTCCCTCT GTTGCCCAGG CTGGAGTCAG TGGCACTCAT AGCTCACTGC AGCCTTGATC 13620 
TCCTGGGCTC AAGAGTTCTT CCCACCTCAG TCTCCTAAGT AGCTTGGACT ACGG 13574 
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(2) INFORMATION FOR SEQ ID NO; 2; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1108 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY) linear 



(ii) MOLECULE TYPE: Genomic DMA 

(iii) HYPOTHETICAL: NO 
(lv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 
fvi) ORIGINAL SOURCE: 



txi) SEQUENCE DESCRIPTION; SEQ ID NO:2: 

GCTTTGGCTC CCAAAGGCCT GGGATTACAG GCGTGAACCA CTQCGCCTAG CCTGTTAGCA 60 

GCTCTTAAAA TCCAGAOGCA TAAGCCTQTA TTTTTOAGGG TTTATGCATG GAATCCAGCT 120 

AGAAACTGAG TCTATTACAG ATCCCATTTA TTATCCTTTC TATTCCAAGA AGCCTTTTTT 180 

TCTCCTTCCC CACATCTGTT TATGGAAGAA AATGAAGTTT GGGGTGTGGT TTGAGGAATC 240 

AGCTAGATTC TTATGATCTG TCACATGCTT GGATGTTGGG GAAOCATTTG GAGAAGCTCA 300 

TGTGACTTGT CCTAGATTGG GGATTTTAAT TGAGACAGAT GATGTTTATC GGGCATCCCA 360 

CCACCTOAGA GTTTTAGCAA CAGAGTCACA TGTGAGTCCA TCAGAACTTA CGGCATTGAT 420 

TCAAGTOCTG TCATAAATAA CCAGGACTGC TGTTTTTGGT TACTTTTAAA GACAGTTTCA 060 

TCTGGACTTT CTGGGCATAT CCTCCTTCAG CAAAACCACA TTAGGCTGGG AAAACTATTC 540 

TGCCTGGAAG TAATGACAAC TTGCAACCAA CAAGCTTATA AAAATACAAA GAATTCTCGA fiOO 

GCCTATGGCT TCCATTACAT TATTCTTTTA TAGCCTTTTA TGTTCATTAC CGCATCCCAG 660 

AGGTGAGAGT CAGACACAAA TATGAAAATA GGITTCAATG TTGGAGAGGT AAATCCTAAC 720 

AGGAAAGGGG TAGGAAAAGA TATAATCCCC CAATATTAAA ATAAAGATAT TGAAGAAGAA 780 

GGATGGGAGA GACTAGGGCT GTOTCCTTCC TTTTACTCAC CAAAAGAGAA ACTAAGCTCC 840 

TATTTGAGTC AATAGATATT GAGGTCTTGT TATTTGCCAC CAAAGACAGT CTTGTOAGAC 900 

TAAATAGCTA GTAATTCCCT ACCCTGGCAC ACATGCTGCA TACACACAGA AACACTGCAA 960 

ATCCACTGCC TCCTTCCCTC CTCCCTACCC TTCCTTCTCT CAGCATTTCT ATCCCCGCCT 1020 

CCTCCTCTTA CCCAAATTTT CCAGCCGATC ACTGGAGCTG ACTTCCGCAA TCCCGATGGA 1080 

ATAAATCTAG CACCCCTGAT GGTGTGCC 1108 



(2) INFORMATION FOR SEQ ID NO: 3: 

fi) SEQUENCE CHARACTERISTICS: 
(A) LENGTH i 48 base pairs 
<B) TYPE: nucleic acid 
(CJ STRANDEDNESS; single 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: Genomic DNA 

Uii) HYPOTHETICAL) NO 
(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE! 
. (vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION i SEQ ID NO: 3 i 

CACACTTTGC TGCCGAAACG AAGCCAGACA ACAGATTTCC ATCAGCAG 4 

|2) INFORMATION FOR SEQ ID NOi4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH -J 1427 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPEt 

(vi) ORIGINAL SOURCE: 

(aei) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GTAACGTTTG CAACTTCCTA GATCTTTTAG CTTTTCATTC CTGTCAATTC TCTOAGTATT 60 

AOGGATGTAG TGACTTGAGG ATCACAATAA ACTTTTAGCC TCTGCAGATC. AAAACAGAGA 120 

TGCACTTCTT AGGTCATTCC CTGOCTAAAT AAAATCTGCC TGGAAATCTG TAGAATTCCT 180 

TGTATGATTT ATATATATAC ATACATGATT GTTAGTAAAA GCAAAGTATA TAGGGAATCA 240 

TTTCCCCATC CTTCAAGAGT GGCCTTTCTG CAGTGTTTTC TACTTTGGCC AACAAGGATC 300 

AAAACGGTTA ACTCCTTAGT GAGOAGGAGG AGAGTGGTAT GGGGAGGTAG TAGCTCAGTG 360 

CTTCCTGTTC ACTGAGACAT CTCAAAGCCC TTAACACTCT AGTTTTTAAA TGTCCTACTG 420 

GACATTTTGC CAGTTTGCAA AATTACATGT AAATGGACTA TAAGCAATTG TGTAAGCCAT 430 

ATGTCATGCT GCAGGCTGCA AATTGTTCTT AAAATGGAGG ATTTGTAATT AACAAAGCCA 540 

ATGCAAGAAA TQAGTGAAGC TAACTAGAGT AAACTTATGA AAAGCTGTGA ATTTCATCAT 600 

CATAGAACAT TGCTTTTCAG TCTGAACATT CTTCTAACAA ACCTTGGATC TGAGGCTTCT 660 

TOICCTTTCC CCCACCCACA CTCCCTTTTT GTTGTTAGGG, GAAAATAAAA AACCTTGCCC -720 

GCAGCATCTG GTTAAGATTA GGGCAGTTTC CTQCCTAAGG AGGGAAGGGA GAGAAAAAGG 780 

AAGAAGAAAT GCATAAGGAG AATGAGGAGA TAXACAATGT CTCAGAAAAC AGGAAACATT 840 

CTOCTATTTT CCCTTGTCCT CTTCTGACAA GATCTGOGAA AGTACCAGAA TTTAGGCACG. $00 

AAAGAGAAGA ACOCCTCCAA OAAATGATCA GGAAGCAAAA CTTAGACOGA AATCTCTCCT 960 

TIOTGTATTC TGAACCCCAC TACCACCTTG CTATTTGTCT GTCTCCAAGC CTGCTAGGGA 1020 

CCCTGGAGGA AACGCACTGA GCCCATTCTG ATTGTCCAGT TTCTATCCCC CATTTCTGGT 1080 
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TGTGTACGTG TGTGTGTGTG TGTGTGTGTG TGTGTCTGTQ TGTGTGTGTG TGAGAGAGAG 1140 

AGAGACAGAG AGAGAAACAG AQAGAGTGTG TGTTGCCTAA ATCTCCCGAG AGAGAGAGAC 1200 

AOAGAGAGAG AOAGAGAGAG AOAGAGAAAA GAGAGAAATG GCTAAATCCC CCTAGATCAA 1260 

AGTCCTTGGA ACCAGATGTA CCAGCATCCT ATCTAAACAC AOGCCCCTCC TGACTATCAT 1320 

TGTTTTATCA CCCTTTTTCC GTCTACCTTT CTCTTCCTCA TAAAGCCTAG TTTTCCTCTG 1380 

TTTCCCTGCC AAATGGAAGA GTTTTCCCTA ACTACATTCT TCTGCAG' 1427 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 121 base pairs 

IB) TYPE i nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: Genomic DNA 
(ill) HYPOTHETICAL i NO 

(IV) ANT I SENSE : NO i 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE i 

(3d) SEQUE3TCE DESCRIPTION: SEQ ID HO: 5: ' 

GATGTGGGGG CTCAAGGTTC TGCTGCTACC TGTGGTGAGC TTTGCTCTGT ACCCTGAGGA 60 
GATACTGGAC ACCCACTGGG AGCTATGGAA GAAGACCCAC AGGAAGCAAT ATAACAACAA 120 
0 , .121 

(2) INFORMATION FOR SEQ ID NO:6: 

. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 462 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TbPOLOGY: linear 

(Li) MOLECULE TYPE: Genomic DNA 

Uii) HYPOTHETICAL: NO 
. (iv) ANT IS ENS E ; NO 

<v) FRAGMENT TYPE: 
• (vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6i 

GTGCCTGGGG TCCTGGAGGG GGCATGGCAG GAAGGCTGAG ACCTGAGCTC TC 1 PCATCTTA 60 
GCTTCCAGAC TCOCTTCTTC AATCCAAATG CTTTATTCCA AGCAAATCAG TCCCTCTTCC 120 
CTAACTCATG TTAACATACG GTTTTCATTC CTATGCTTCA ATCATCCTCT TGTCAAACTT 180 
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GTATTCCTTC CCTTTCGTTT TATAAGTGTG TAACATTCCT CTTTTGQGAA GAGTCCOAAG 240 

A.TTAATGCTG TTAATCCATA AGCAATTTTT CTGTCTCTCC AGAGCTTQTG TGGTTGTTTA 300 

CATATTATCT CTCTTCTTGC AGGCTCTTAA' TTCCATGGTT AGTTCCCCAA CTAAACTGTA 360 

■ AACTTTTATG ATTGTGAGTT TCCTTTATTC TCCTAAAACC CTTCACAATA TTACATATGA 420 

ACTGTAGACA GTCTATACAA GTACTGACTA TGCTTTGTTT AO 462 

(2) INFORHATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: '123 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOFOIiOG^ linear 

Ui) MOLECULE TOPEi Genomic DNA 

(iii) HYPOTHETICAL : NO 

(iv) ANTISENSE: NO * ' 
<V) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE! DESCRIPTION! SEQ 10 NO: 7 1 

GTGGATGAAA TCTCTCGGCG TTTAATTTGG GAAAAAAACC TGAAGTATAT TTCCATCCAT 60 
AACCTTGAGG CTTCTCTTGG TGTCCATACA TATQAACTGG CTATGAACCA CCTGGGGGAC 120 
ATG 123 

(2) INFORMATION FOR SEQ 10 ND:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH i 85 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 
(vj FRAGMENT TYPE : 
(Vi) ORIGINAL SOURCE: 

(id.) SEQUENCE DESCRIPTION: SEQ ID NOi8i 

GCAAGTATAG CTTCAGCTCC TGTCCCAOCT GCACCATTTG CTTTAGTTCC CTGCTGATGC 
CTGGCCTCTT TCTTCTTTGT CTTAG 
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(2) INFORMATION FOR SEQ ID NO: 9: 

ID SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 156 base pairs 
IB} TYPE: nucleic acid 
|C) STRAKDEDNESS : single 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 
(IV) ANTISENSE : NO 

(v) FRAGMENT TYPEi 
(Vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 



ACCAGTGAAG AGGTGGTTCA GAAGATGACT GGACTCAAAG TACCCCTGTC TCAOTCCCCC €0 
AGTAATGACA CCCTTTATAT CCCAGAATGG GAAGGTAQAG CCCCAGACTC TGTCGACTAT 120 
CGAAAGAAAG GATATGTTAC TCCTGTCAAA AATCAG 15 6 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH.- 1624 base pairs 

(B) TYPE: nucleic acid 

(c) strandedness : single 

(DJ TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 
fill) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE; 
(Vi) ORIGINAL SOURCE? : 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

GTACTCTCCP TTCTTCTGGG TGTGCATATG TAATCTGGCA TGACCTTTTC CTTTTTCTGC 60 

TGCTTTGTTC TTGAGGTGAA AGGGCACCAG GAAAAGAGGG CAAGGAATTA AGOTACATCT 120 

CCCCATTCCC ATTCTGTTAT TTAACCTCAT TTGTTTCTGT ACATTTGCGT TCTTTCTGGT 180 

TTTTCTTTTT CTTTTCCCTT TTTTTTTTTT TTTTTTTTTT GAGATAGAGT CTCACTCTGT 240 

CGCCCAGGAT GGAGTGCAGT GGTGCAATCT TGGCTCACTG CAACCTACAC CTCCCGGGTT 300 

CAAGCGATTC TCCTCCCTCA GCCTCCTGAG TAGCTGAGAT TACAGGCACG CGOCACTACG- 360 

CCTGGCTAAT TTTTCTATTT TTATAGAGAT GCGTTTTCAC CATGTTCCCC AGGCTGGTCT 420 

TGAACTGACC TCAGGTGATC CACCTGCCTC AGCCTCCCAA AGTGCTGGGA TTAGAGTCAT 480 

GAGCCATCGC GGCCTGGTTT TTCITTATTA CAAATAOTGT TGCAATAAGC ACCCTTGTGC 540 
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ATATGTTTTT GTGCACATGT ACAAATATTT ATGCAAAATA AGTCCTAAAA TTGGAATTGT 
TAGGTCACAA ATAATCCTTT CCCCCCCCCC AAATTTTTTT TTTTTTTTTG ACACAGCGTC 
TCTGTCACCC AGGCTGGAGT CCAGTGGCGC AATCATGGCT CACTGCAGCC TCAACGTCTC 
AGGCTCAAGT GATTCTCCAA CCTCAGCCTC CCTAGTAGCT GGGAATTAGA AGCACATGCC 
ACCACACCCA GCTAATTTTA AAAAATTTTT TCTTAGAGAC AGGGTTTTGC CATGCTACCC 
AAGCTGGTCT CAAATTCCTG GGCTCAAGCA ATCTGCCCGC TTCGGCCTCC CAAAGTGCTA 
GGATTACAGA CATGAGCCAC CATGCCCAGC CCAAAAAAGT TTTTGCAATC TTACATTCTT 
ACTAGCATGA GAATGTCAGT TTTTTCACAA CCCAAACAAC ACAGGATTGT ATCAGCAAGA 
TAAACAATTG ATTTAACGTT CATTTAACAA ACACTTTTTG ACCCCCAGAA CCTACCAGAT 
GCAGTGTTAG GCAGCAGAGA CTCAACATGA CTAAGACACA ACCTGTGTCC TCAGGAAATC 
TCAATCTAAA AAAATAGAAC AGGAAAGAAA GAAAAATCTA CAATCTAGCT GCACAAACAA 
TAATAGCTAA TACTTTTTGA GATTTTATTG TTTGTCAGGA ACTTCTTAAC TCTTTACATG 
AGTTTAAATA TTTAATCOCT TATAACAATA TTTTATGCAT AGAGAAACTG AGACACAGGC 
AAATTTAGTA ACTTACCCGG GGTCACATAG CTACTGOGTO GCAAAGTCAG GGTTAGCTCC 
CAGGACAAAT GCCTCCACAG CTGGTACTGT GCTCTGCTTT ACTGTAGCTA ATAGTAAAAA 
TGGTAGCAAA AATCAATAGC AGTAGAACAG TGCAACAGAT ATTAAGCGGA AGAGGAAGAC 
TCACAACAAT GACAACATTT GTGCTGAAAT TTTTAAGAAC ACATGGAATT TCCTTCAGCC 
GGGTAGAGAG AAGXTATAGA AATGTAAACA CCAAAGATTC ATAGTTTCTC TGTATCCCTT 
TCAG 



600 
660 
720 
780 
840 
900 
960 
1020 
1080 
il40 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1624 



(2). INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPEi nucleic acid 
fC) STRANDEDNESS: single 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANT I SENSE : NO 
(V) FRAGMENT TYPE: 
(vi> ORIGINAL SOURCE: 



fxi) SEQUENCE DESCRIPTION: SEQ ID MO: 11: 



GGTCAGTGTG GTTCCTGTTG GGCTTTTAGC TCTGTGGGTG CCCTGGAGGG CCAACTCAAG 60 

AAGAAAACTG GCAAACTCTT AAATCTGAGT CCCCAGAACC TAGTGGATTG TGTGTCTGAG 120 

AATGATGGCT GTGGAGGGGG CTACATGACC AATGCCTTCC AATATGTGCA GAAGAACCGG 180 

GGTATTGACT CTGAAGATGC CTACCCATAT GTGGGACAG 219 



[2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 4326 base pairs 

(B) type: nucleic acid 

(C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

(ill MOLECULE TYPE i Genomic DNA 
(iii) HYPOTHETICAL: NO 
fiv) ANTI SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi J SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GTGAOATTGC TCCACACAAT TATACAGCTC TGTTGGCTCC TCCTTCCCCA GCATGATCTT ffO 

TTGTACTGGA AACAATTCCA GAAATACTGT TTTCTGTTAT CCTATCCTGC TTTCTTGATG 120 

GAATAATTTC CCACAGAAGG CCAAGAAGAT TTCCACAATC TGGGGGAATT TAGGGAGCTT 180 

AAGCTACTAT AGCTCCTATT TGCATCTCTG CCATGGAGAG AAAACAGAGG CTAGGCTACC 240 

TACCCCATAG ACTTCCGAGC TGGGTTCTAT AACCCTCTGC TCAATTCCTC ACTCCCACAA 300 

CAAACCCACA AACCCACCAT GCTATTTTCA CAAATTGTGT GGCTTTATTT TATATGATCT 360 

CAGTGTGAGT TTTCAGAACA TTTCAGCAAA TTATGTAAGT TTACATGCTA ACATCTATAA 420 

AATGAGAGAA AAAACAAGTT GCTTCATATA AGAGATAAGG GATTAACTCA GTTCCTCCTG 480 

CATGATCCTC TAGTCATAGG AAGGAAATCA TATCTGAAAG GGAGOCAACC TGAGGGGTTT 540 

TTTATACACA TAGGGCTGGG TCTGATAGAC AATATAATGT AGGGCCTTCA CAACAGAAAC 600 

CTCTGAAACA GGGACAGCAA' GTTTQAGAAT AAAAATGATG GCTACTGTGT TCTAAGCCGT 660 

GECCTTAGTG CATTTTTTCT TTTTCTTTTT TTCATTTAAT CTCATAACAA CTCTGTTAGG 720 

TAGACTTATC TTGAATGTAT AGGTGAGGAA ATGGACACTT AAGGAGATAA GACAGTATAA 780 

TTCATACCAC TAGTATOTAA CAATGTAAGA TGTATCTACC AGGGATGTTT ATCTTCTGCA 840 

AACATTCCTA GGTATATCTC CCATGCACAT GTGCAAGAAT TTCTTACTAG GATATAATGC 900 

CTTGGAACTG AATTCTCTGC GTCTTACCCT ATGTCTGTCT TCAACTTTAC TACACAATGT 360 

CAAATTGTTT GCCAAAATAT TTGGAAAAAT TTATACCTGC AATC3TGTAAG AAATCCCC1T 1020 

CAATCACCTT TTTATCAGTA TGTTTATCTG GCCATTTGCA TTTCTTCTTC .AGTOAATTAA 1080 

CrGTTTTTAT CTCTTGCTCA TTTGTTTTTC TTTTTATTTT TTTGAAATAG GGTCTTACTC 1140 

TGTTGCCCAA GGCTGGAGTG TGGTGATACA GTCATAGCTC ACTGCAGCCT CCACTTCCGG 1200 

GCTCAAGCAA TCCTCTCGCC TCAGCCTCCC AAATAGCTAG GATATAGGTG CATGCCATCA 1260 

TGCCCACCAA TTTCAAAAAA CCTTTGAAAT TTTTTTTTTG TAAAAQCTAG GCATOGTCGC 1320 

TCATGCCTGT AATCCCAGCA CTTTGGGAGG CTGAGGTGGG AGGAIU3CTT GAGCCCAGGA 13 BO 

ATTGGAGCTC GGCCTQATAC AACATAGCAA GACCTCATCT CTACAGAAAA AATTTTTAAA 1440 

AGTAGCCAGG TATCATGGOG TCCATAGTTC TAGCTACTCC GGAAGCTGGT TGGGAGGACA 1500 

ACTTGAGCCT GGGAGTTCAA GGCTGCTGTG AACTGTGATC ATGTCACTCC TCTCTAGCCT 1560 

GGGTGACAGA GTGAGACOCT GTCCCCAAAA ACAACAACCG TTTTTTTTGG TAGAGACATT 1620 

GTCTCGCTAT GTTGCCAAOG CTAGTCTCAA ACTCCTGGGC TCAAGCAATC CTCCCACCTC 1680 

CCAAAGTGCT GGGATTATAG ATGTAAGCCA CCATGCCTGG CCTACOCTTT TTTTTTTTTT 1740 

TTGAAATGGA AGTTTTGCTT TTGTCACCTA GGCTTGAGTG CAGTGGQGCG ATCTTGGC7C 1800 

ACTGCAACCT CCACCTCCTG GATTCAAGCA ATTCTCCTGC CTCAGCCTCC TGAATACCTG 1860 
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GGATTATAGG CACCCGCAAC CACGCCCGGC TAGTTTTTGT ATTTTTAGTA CAGACAGGGT 1920 
TTCACCATGT TGGCCAGCTG 'GTCTTGAACC CCTGACCTCA GGTGGTCCGC CCGCCTCCGC 1980 
CTCCCAAAAT GCTGGGATTA AAAGTGTGAG CCACCATGCC CCACCCCTTA CTCATTTTTA 2Dd0 
ATTGGATTCT TTTTTCTCTT TCTTAGCOAT TCTTAAAAGT TTAAAGAGAA TATTTGGATA 2100 
CAATACTATG TATTTAAAAG TTGAGGTCTG TCTTTCCATT CTTCTCACGA TGTCTTTCAA 2160 
TCTAGAAAAG TTAAITTTAA TAGGCCTGGC GCGGTGGCTC ACGCTTGTAA TCCCAGCACT 2220 
TTGGGAGGCT GAGATGGGTG GATCACAAGG TCAGGAGATG AAGACCATCC TGGCTAACAT ' 2280 
GGGTGAAACC CTCTOTCTAC TAAAAATACA AAAAAATTAG CTGGGCGTGG TGGCAGGTGC 2340 
CTGTAGTTCC AGCTACTCGG GAGGCTGAGG CAGGAGAATG GCGTGAACCC GGGAGGTGGA 2400 
GCTTGCAGTG AGCCGAGATT GCACCACTGC ACTCCAGCCT GGGCAACTGA GCAAGACTGC 2460 
GTTTCAAAAA AAAAAAAAGT TAATTTTAAT ATAGTAAAAT TAGTAAAAGG ATTAATTTTC 2520 
CCTTTGCAAT TTTTGTAATC TCTTTTATTC GTTTATGAAT GGAGAAAGGT AAGAAAAAAT 2580 
AAAATTTAAA AAAGAAGAGA TGTGGCCAGG TACGGTGGCT CACACCTATA ATCCCAGTAG 2640 
TTTGGGAGGC TGAGGCAGGC AGATCACTTG AGGTCAGGAG TTTGAGACCA GCTGGGATAA 270 0 
CATCGTGRAA CCCCATCTCT ACTAAAAATA CAAAAATTAO CCAGGTGTGA TTGCGCACGC 2760 
TTGTAATCCC AGCAGGCTGA GGCAGGAGAA TTGCTCCAAC TOAGGAGGCA GAGGTTGCAG 2 8^0 
TGAGCCAAGA TCATGCCATT GCACTCCAGC CTGGGTAACA GAGACTCTGT TTCAAAAAAA 2880 
TAAAAAGATA AAAAAGGAAG AOATCTGATA GGGCGGCCAG ATAAACATTT TAAAGGGGAT 3940 
GGTATTATAA GTTTGTTCCC AGCATAATGC CAGGTTATTC TGACTTTAAA GTATCATCAC 3000. 
ATAATATCTT TTTGAGTCAA TTTCCAAGAT ATTCTGTTTC ACTTGTAATT CTGTGTAATT 3060 
. TTTGGCACC A GGAGGCATCA GGGATTTGGA GCACATGGCA GAAACAAAGG CATCTTGAAA 3120 

AATATCAAGG CAGTAGACCA CTGTAATCTT AAAATGGCAT AfCAAATGCT GCTATTGCTG 318 0 

TTAATATTTA GATAATGTTA GATAATGTAT TTTTTTAGAG GGTATCTCAC TATCTTGCAC 3240 

AGGCTGGAGT AGAGTGGCTA TTCACAGCAT GATCACAGTA CACTAAAGGC TCAAACTCCT 3300* 

GGGCACAAAC AATCCTCCTG CCTCAGCCTG CTGAGTAGTA GATAATAAGT TCTTGTGGAT 3360 

GCAACCTTAG GGTTCTGAAG GGGTAGTCTG TAGGAAAATG AATTGCTGAA AAGAATACAC 3420 

CACCTTAACA TGQCCTATTA TTCGATTCCA TAATTGTGGC TTGCCAATGA AACATTGCTA 3480 

ACTACCTGTA AAATATAGTG TTGGAAGTCA TAGGCTAAAT TGCTAAGTTC TTTAATCTAT 3540 

TTTAGTGTCT TGTTATGTAC TTTTATATTT TGTCTTTGAT GAGAGCACAA GGATCACACC 3600 

AGTTCCCCTG ATATAGGTGC AGAGGGCCCA GGTCTTCCCT CTAGCTAAGC CTTGGCCTTG 3660 

GCCTCCTACC CACACAGCAG CTGGTGCCTT CCTGCCCCCT GAGGCTAATA CATACTATGT 3720 

GGCCAGAAGA TGGTTTATGC TTTXTAAAAA AATCTTATTT CAGAAATCTT TCCCTACTGT 3780 

TTTCCTCCCA CATTTATGTC TTAAAACACC TGTAGGGGAT TTTTTTTTTT TTTTTTTTTT 3840 

TGAGATGGAG TCTCGCTCTC GCCCAGGCTG GAGTGCAATG GCGCGATCTT GGCTCACTGC 390O 

AAGGTCTGCC TCCCAGGTTC ACGCCATTCT CCTGCCTCAG CCTCCCCAGT AGCTQGGACT 3960 

ACAGGCGCCC GCTAOCACGC CT"GGCTAATT TTTTTGCATT TTTAGTAGAG ACAGGGTTTC 4020 

ACTGTTAGCC AGGATGGTCT CGATCTCCTG ACCTCGTGAT CCACCCTCCT CAGCCTCCAA- 4080 

AGTGCTGGOA TTAACAGGCA TGGAGCCCCA CCGCACTGGC CTGTATTTGT GAGGAAGAAC 4140 

AGACCC1CTT TAGAAGCCCT AGACTGCTGC CTCTGTTAGT TCACTGGCAT CACTCAAAAT 42 00 

ATTGGTTGAG TTTCTTACTC ACTGAGTTGG TTTTTATGTG TGGTGGAAGG CGGGAATCCT 42 SO 

CTTTTCATAT TCGTTCTCAT TGCCTATTGC TTTGTCCTAG TCCTATTACA ATCTTGTTTC 43 20 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 166 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEEMESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic UNA 
(iiij HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 13; 

f t 

GAAOAGAGTT GTATGTACAA CCCAACAGGC AAGGCAGCTA AATGCAGAGG GTACAOAGAG 60 
ATCCCCGAGO GGAATGAGAA AGCCCTGAAG AGGGCAGTGG CCCGAGTGGG ACCTOTCTCT 120 
GTGGCCATTG ATGCAAGCCT QACCTCCTTC CAGTTTTACA GCAAAG 166 

<2) INFORMATION FOR SEQ ID NOil4t 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 270 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
fD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic UNA 

(iii) HYPOTHETICAL: NO 
(XV) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GTAAGAAGCT GCTGATCCTA TACAGCACTG TCTTTTATGA TACAAACTTG ATGGTTTCTC 60 

CAAGGACCTT GCGTATTTTC AGTACTTAGT TTTTGTATTC ACATGGAGGT GGCCAGAGAG 120 

AAATTAACAA CTGCTGCAGT ATGGAGCAGC ATCTCTGTGG TAAACCCTCC TGACACGGAT 180 

GGAATTCTTC AAACAGTCTC CTAGACTGGG AGATCCCACA GGGTGACCCT TGGATTGCAT 240 

AGAGCCTCAC GCTGGTAGTT TGTATTCTAG 270 

(2) INFORMATION FOR SEQ ID N0:1S: 
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(i| SEQUENCE CHARACTERISTrCS: 

(A) LENGTH: 106 base pairs 

(B) TYPE : nucleic acid 

(C) STRAND EDNESS : single 

f D) topology: linear 

(ii) MOLECULE TYPE: Genomic DNA 
(ili) HYPOTHETICAL: MO 

(iv) ANTISEN3E: NO 

(v) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ZD NO.lSt 

GTGTGTATTA TGATGAAAGC TOCAATAGCQ ATAATCT3AA CCATGCGGTT TTGGCAOTGG 60 
GATATCGAAT CCAGAAGGQA AACAaGCACT GGATAATTAA AAACAG 106 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2270 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

(iij MOLECULE TYPE: Genomic DMA 

(iii) HYPOTHETICAL : HO 
(IV) ANTISENSEt NO " 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOCRCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16t 

GTAATGATGG GAACACTACT TTTGTTATTC AGTCACCCTT TTAACACTCA ACCTCACCTC 60 

CAGCTTCCCG ATATTCCTTT CTCTGTCCCA AATCAAGAAA AAATTATCTC AGAGTTCTCA 120 

CTTCTATCTT CTCAGTCAGA GGCTCTTAAT TCTCAGTCTG ACACTTAATG GCCAGTCTOT 180 

TAGTCCATTT TGCATTGCCA CAAAAGAATA CCCGAGACTG GGTAGTTTAT AAAGAAACGA 240 

GGTTTGTTTG GCTATACAAA GCGTGGCAC? AGTATCTGCT. CAGCCTCTGA TGAGGCCTCA 300 

GAGCTTTTAC TCATGGCAGA AGGCAAAAGA GGGAGCAGGC ATGTCACATA GTGAGAGAGG 360 

GAGCAAGAGA GAGAGGGAGG TGCOGACTCT TTAAAGAACC AGCTCTTGCA TGAACTAATA 420 

GAGTGAGAAC TCACTCATCA CCAAGGCGAT GGCACCAAGC CATTCCATGA GGAATCCACT 480 

CTCATAACCC AAACACCTCC CACTATGCCC CACCTCCCAC ATTGGGGATC ACATTTCAGC 540 

ATGAGACTGG GAGGGGACAC ACATCCAAAC CATATCCGCC AGACAATAGT GCTCAATTAT 600 

GTGCTGGGCA GATGCTCCCT GTGTGCAAGG TGCTTAGTGA CATACATAAA CCAACGAGCA 660 
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GATGACACCT TCAGTGAGCT CAGAGCCCAA TAAGACAGAC CTAACTAACC ATGAGATAAA 720 

GCAGTACAAA GAACCAGCAG GAGCTTTGGA ATTACGTATT TTTACTTTCT TTTGTCTCTA 780 

ATGTGATCAG TTTCTTAGAT GGTTTCCATT AGCAATCTGT CTTTAACAGT AGGGGAGCAG 840 

CGTTAAAGGT TTAATATTCC TTTTGAACAG TTTTTTTCCT TCAAAATACA CTTAAGATAC 900 

ACGTATATAA GAACTTGCCA AAGATTGTGA AGAGAAACAT TTTTTAGAAA TAAGATATAA 960 

ACAAAAAAAG TTAGTGTTAC TTTCCTATGT TGGGGAACAA AGAAAACTCC AG GGTACCTT 1020 

GCTTCCCATT TCTCTTTAGC ACCTTGTGAC TTTTGGGGAG GGGCAGATTG ATAACAATTA 10 BO 

TAGTTTTCCT TTCCTGGCTG ATCACCATTA ACCTGGCAGC AGCACTGGCT AAATCTCCTG 1140 

TCCTTAGTGC CCTCCAAGGA GCAGGAGCCC TAGACTCTGG GTCGCTGACA GACTCACGCA 1200 

GTGGTGTTGT TCAAACCTGA AGCAACTTTT TATATCACAG TTCCAACTCA AGGTGAACCT 1250 

QAGCATCTTC CCAAGTCTCC CACAGCTTCT GTCCTGTGTT GTCCCTTCTC TTGACTCCCA 1320 

GGTCCAAGCA CTTACCCTGT TCTTTCATGA TCAGGTACCA TGTGTGCAGA TAGCTTCCAA 13 30 

GAGAGCTGGG AGGAAGAAAG GACACACCCG GGCAGGATCA GGAACACTGG GGGCCCCTGG 1440 

AGAAGGGGAG AGTGGGGGAG GGTACAGGTT TTAAATAAAA TGTGTTGGTA ATTAGAGAAT 1500 

TGCTGGTTGG GGAAAGAGGT CTGAAAACAA TTCAGGAAGA TAAACAAGAC AATCTCTCCT 1560 

CTCTCCTCTT TCTCACGTCG TCTCTCTTGT CTTCTAGTCT CGCTACTCAT TTCCTTAGTA 1620 

ATCTCATCCA. CTCTCATAGT TTCATCCATC TCTCCTATGG GGTTTACCCC CAAATCAAGA 1680 

TCACCAGCTT CAGCCTCCTT OTTATGCTCT AAACTCACAT- TTTCAAGATT AATATTCCCC 1740 

AAATACAGCT CTOATCATAT CACTCTCCCA CTCAAAATOC CTCACTGGCT CCTCACGATG 1800 

ATOGGTCACA GAGTAAAGGT GAAGCTTTTT AACCTTGCAG TAAAGGTAAT TCAACCTGAT 1860 

CTCAATCTGC CTTTCCAGAC ATCTCTOCCA CTACACCCTG TTAGGCACAC TGCTTTTCAG 1920 

CTACATGATC CTAACAGTGC CCCACACTPT CCTGCCTCTG TTCTTCATTT CACACCCTTC 1980 

CACTGGCATC CCCTTCCCAC AGGTCGAAAT TCTACTTAGC CTTTTGGCTC AGCTCAAATG 2040 

CCACCTCTTA CATCAAGCCT CTAAGATTCT CTTGATCAGA AGGAATCTTT CCCTCCTTTG 2100 

ATACCTACAG TATTATCCCT TCTCCCTATT TCTTGACTTT AAACTCTTTA AAGTTAAAAA 2160 

ACATCATATT CATTTTTGTG TACCATCAGT ACCTCGCACA ATACTCAGTA AATATTTTAA 2220 

TGAATAAATA AACTGAGAGT ACTAAGTATT TTTCTTGATT GGTCTTACAG 2270 



(2) INFORMATION FOR SEQ ID NO: 17: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 97 base pairs 
(B} TYPE: nucleic acid * 

(C) 5TRANDEDNESS : single 

(D) TOPOLOGY: linear 

(it) MOLECULE TYPE: Genomic DMA 
<iii) HYPOTHETICAL: NO 
<iv) ANT I S HNS E: NO 
iv) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
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CTGGGGAOAA AACTGGGGAA ACAAAGGATA TATCCTCATG GCTCQAAATA AGAACAACGC . $0 
CTGTGGCATT GCCAACCTGG CCAGCTTCCC CAAGATC 97 

(2) INFORMATION FOR SEQ ID NO:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 598 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBBNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic UNA 
(Ui) HYPOTHETICAL: NO 

(iv> ANTI SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) "ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ XD NO: IB: 

TOACTCCAGC CAGCCCAAAT CCATCCTGCT CTTCCATTTC CTTCCACGAT GGTGCAGTGT 60 

AACGATGCAC TTTGGAAJ3GQ AGTTGGTGTQ CTATTTTTGA AGCAGATCTG GTGATACTGA 120 

GATTGTCTGT TCAGTTTCCC CATTTGTTTG TGCTTCAAAT GATCCTTCCT ACTTTGCTTC 180 

TCTCCACCCA TGACCTTTTT CCACTGTGGC CATCAGGACT TTCCCCTGAQ AGCTGTGTAC 240 

TCTTAJGGCTA AGAGATGTGA CTACAGCCTG CCCCT3ACTG TGTTGTCCCA GGGCTGATGC* 300 

TGTACAGGTA CAGGCTOGAG ATTTTCACAT AGGTTAGATT CTCATTCACG GGACTAGTTA 360 

GCTTTAAGCA CCCTAGAGGA CTAGGGTAAT CTGACTTCTC ACTTCCTAAG TTCCCTTCTA 420 

TATCCTCAAG GTAGAAATGT CTATGTTTTC TACTCCAATT CATAAATCTA TTCATAAGTC 480 

TTTGGTACAA GTTTACATGA TAAAAAGAAA TGTQATTTGT CTTCCCTTCT TTGCACTTTT 540 

GAAATAAAGT ATTTATCTCC TGTCTACAGT TTAATAAATA GCATCTAGTA CACATTCA 598 

(2 J INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 459 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: Genomic UNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 
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(Xi) SEQUENCE DESCRIPTION. SEQ ID HO: 19: 

TTTTGTGTTQ GATACTQTOT TAGGTGCTGG AGGAAAAAAG ATOAATAGAA CATCTTCTAT 60 

GTACTTCATG CGCTCACAGT CTGGTTGTAG AGACTGTCAC ATAAACATTT CATCCCAATT 120 

CATTTATTTG TTCATTCCTT CAGCCAATAT ATATTGAGTT CTTACTCTGT GCCAAGAACT 180 

QTACTACATT TCTGGGATTA AGTGGATATA AGGAGATCTC AGTGTTTAAT CTGCCTGAGG 24D 

QGAQACTAAA TTAAGTGACA TGGAAACTTG GGTCTTGAAA AACATTTTAA GGTTATTTTT 300 

TCTTTTCTCT CTCTCTOGCT CTGTCTTTCT CTCTCTTTCG TCAGGGTCTC CCTCTGTTGC 360 

CCAGGCTGGA GTCAGTGGCA CTCATAGCTC ACTGCAGCCT TGATCTCCTG GGCTCAAGAG 420 

TTCTTCCCAC CTCAGTCTCC TAAGTAGCTT GGACTACGO 459 

(2) INFORMATION FOR SEQ IO NO: 20: 

(i> SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 323 amino acids 

(B) TYPE; amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE 1 protein 

Ciii) HYPOTHETICAL: NO 

(IV) ANT I SENSE: NO 

(v) FRAGMENT TYPE: N- terminal 

<vi) ORIGINAL SOURCE: 

<xi) SEQUENCE DESCRIPTION : SEQ ID NO: 20: 

Met Trp Gly Leu Lys Val Leu Leu Leu Pro Val Val Ser Phe Ala Leu 

15 10 IS 

Tyr Pro Glu Glu He Leu Asp Thr His Trp Glu Leu Trp Lys Lya Thr 

20 25 30 

His Arg Lys Gin Tyr Asn Asn Lys Val Asp Glu He Ser Arg Arg Leu 

35 40- 45 

He Trp Glu Lys Asn Leu Lys lyr He Ser He His Aan Leu Glu Ala 

50 55 €0 ' 

Ser . Leu Gly Val His Thr Tyr Glu Leu Ala Mec Aan His Leu Gly Asp 
65 70 75 80 

Met Thr Ser Glu Glu Val Val Gin Lys Met Thr Gly Leu Lys Val Pro 

85 SO 95 

Leu Ser His Ser Arg Ser Asn Asp Thr Leu Tyr He Pro Glu Trp Glu 

100 105 110 

Gly Arg Ala Pro Asp Ser Val Asp Tyr Arg Lys Lys Gly Tyr Val Thr 
115 120 125 ' 
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Pro Val Lys Asn Gin Gly Gin Cys Gly Ser Cys Trp Ala Phe Ser Ser 

130 135 140 

Val Gly Ala Leu Glu Cly Gin Leu Lys Lya Lys Thr Gly Lys Leu Leu 
145' 150 155 160 

Asn Leu Ser Pro Gin Asn Leu Val Asp Cys Val Ser Glu Asn Asp Gly 

165 . 170 175 

Cys Gly Gly Gly Tyr Met Thr Asn Ala Phe Gin Tyr val Gin Lys Asn 

180 . 185 190 

Arg Gly lie Asp Ser Glu Asp Ala Tyr Pro Tyr Val Gly Gin Glu Glu 

195 200 205 

Ser Cys Met Tyr Asn Pro Thr Gly Lys Ala Ala Lys Cys Arg Gly Tyr 

210 215 220 

Arg Glu lie Pro Glu Gly Asn Glu Lys Ala Leu Lys Arg Ala Val Ala 
225 230 235 240 

Arg Val Gly Pro Val Ser Val Ala He Asp Ala Ser Leu Thr Ser Phe 

245 250 255 

Gin Phe Tyr Ser Lys Gly Val Tyr Tyr Asp Glu ser Cys Asn Ser Asp 

260 265 270 

Asn Leu Asn His Ala Val Leu Ala Val Gly Tyr Gly He. Gin Lys Gly 

275 280 285 

Asn Lys His Trp lie He Lys Asn Ser Trp Gly Glu Asn Trp Gly Asn 

290 295 300 

Lys Gly Tyr He Leu Met Ala Arg Asn Lys Asn Asn Ala Cys Gly He 
305 310 315 320 

Ala Asn Leu Ala Ser Phe Pro Lys Met 
325 

(2) INFORMATION FOR SEQ ID NO: 21: 
(if SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 
Uii) HYPOTHETICAL: NO 
(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:2l: 
CCGAAACGAA GCCAGACAAC 
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(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE i nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY; linear 

(ii) MDLECUL2 TYPE: . Genomic DMA 
<iii) HYPOTHETICAL: NO 

<iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 
CCTCACCACA OCTAGCAGCA G 

(2) INFORMATION FOR SEQ ID KO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

til) MOLECULE TYPE ; Genomic DKA 
(iii| HYPOTHETICAL: NO 
(iv) AHTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

fid} SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

CTGCTCCTAC CTGTGQTOAG C 

(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: Genomic DNA • 
{iii) HYPOTHETICAL: NO 
liv) ANT I SENSE: NO 
(v) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 

(xi) • SEQUENCE DESCRIPTION: SJEQ ID NO: 24: 

CCCAAATTAA ACGCCGAGAG 2! 

(2) INFORMATION FOR SEQ ID NO: 25: 

<i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
(3) TYPE i nucleic acid 
•(C) STRANDEDNESS: single 
(D) TOPOLOGY: " linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
CTCTCGGCGT TTAATTTGGG 20 
12) INFOHMATI ON FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 
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GGTACTTTGA GTCCACTCAT C 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
|C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL; NO 

(iv) ANT I SENSE: NO 
(V) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 

<xi) SEQUENCE DESCRIPTION I SEQ ID NOi27t 
CCAGACTCTG TCGACTATCG 

. (2) INFORMATION FOR SEQ ID NO:2B: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 21 base pairs 

(B) TYPEi nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGYi linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANT I SENSE: NO 

(v) FRAGMENT TYPE: 
(Vl) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION SEQ ID NO:28: 
CACATATGGG TAGGCATCTT C 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DMA 
fill) HYPOTHETICAL: NO 
<iv) ANTISENSE: NO 
(v) FRAGMENT TYPE: 
<vi> ORIGINAL SOURCE : 

• (kL) SEQUENCE DESCRIPTION! SEQ ID NO: 29: 

QAAGATGCCT ACCCATATGT G 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic UNA 

(iii) HYPOTHETICAL: NO 
(iv> ANT I SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi| SEQUENCE DESCRIPTION: SEQ ID NO : 3 0 ; • 
GTTACATTAT CGCTATTGCA C 

(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE : NO 
(V) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
GCAAAGGTGT GTATTATGAT G 21 
(2) INFORMATION FOR SBQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDKESS ; single 
\D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Genomic DMA 

(iii) HYPOTHETICAL: NO 
• (iv) ANT I SENSE; NO 

'. (v) FRAGMENT TYPE: 
■- <vi> ORIGINAL SOURCE: 

(id) SEQUENCE DESCRIPTION: SEQ ID NO: 32 : 

GCCGTTGTTC TTATTTCGAG C 21 
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What is claimed is: 

1. An isolated polynucleotide comprising a region selected from the group, 
consisting of; 

5 a sequence at least 80% identical to the sequence in SEQ ID NO: 1, 

a sequence at least 85% identical to the sequence in SEQ ID NO: 1, 
a sequence at least 90% identical to the sequence In SEQ ID NO: 1, 
a sequence at least 95% identical to the sequence in SEQ ID NO: 1, and 
a sequence at least 97% identical to the sequence in SEQ ID NO: 1. 

10 

2. An isolated polynucleotide according to claim 1, wherein said region is a 
genomic DNA or a cDNA, 

3. An isolated polynucleotide comprising catfaepsin K enhancer or promoter. 

15 

4. The isolated polynucleotide of claim 3 having the sequence in SEQ ID NO: 1. 

5. An isolated polynucleotide comprising cathepsin K polyadcnylation region. 
20 , 6. The Isolated polynucleotide of claim 5 having the sequence in SEQ ID NO: 1. 

7. An isolated polynucleotide comprising a cathepsin K intron. 

8. The isolated polynucleotide of claim 7 having the sequence in SEQ ID NO: 1. 

25 

9. An isolated polynucleotide comprising a sequence selected from the group 
consisting of: 

intron 1,2, 3, 4, 5, 6 and 7. 

30 

10. An isolated polypeptide encoded by a polynucleotide comprising a sequence 
selected from the group consisting of: 

intron 1.2. 3. 4. 5. 6 and 7. 
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1 1. An isolated polynucleotide comprising a cathepsin Kexon. 

12. The isolated polynucleotide of claim II having the sequence in SEQ ID NO: I. 

5 

13. An isolated polynucleotide comprising a sequence selected from the group 
consisting of: 

exonl,2, 3, 4, 5, 6, 7 and 8. 

10 

14. An isolated polypeptide encoded by a polynucleotide comprising a sequence 
selected from the group consisting of. 

exon 1, % 3, 4, 5, 6, 7, and 8. 

15 

15. An isolated polynucleotide comprising an exon-exon pairs selected from the 
group consisting of; 

1-3, 1-4, 1.5, 1 A 1-7, 1-8, 2-4, 2-5, 2-6, 2-7, 2-8, 3-4, 3-5, 3-6, 3-7, 3-8, 4-5, 4-6, 
•4-7, 4-8, 5-7,5-8 and 6-8. 

20 

16. An isolated polypeptide encoded by a polynucleotide comprising an exon-exon 
pairs selected from the group consisting o£ 

1-3, 1-4, 1-5, 1-6, 1-7, 1-8. 2-4 ( 2-5, 2* 2-7. 2-8, 3-4, 3-5. 3-6, 3-7, 3-8, 4-5, 4-6, 
4-7, 4-8, 5-7, 5-8 and 6-8. 
25 17. An isolated polynucleotide comprising a region selected from the group 

consisting of: 

a sequence at least 80% identical to the human cDNA in ATOC Deposit No.: 

98035, 

a sequence at least 85% identical to the human cDNA in ATCC Deposit No.: 

30 98035, 

a sequence at least 90% identical to the human cDNA in ATCC Deposit No.: 

98035, 

a sequence at least 95% identical to the human cDNA in ATCC Deposit No.: 
98035, and 
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a sequence at least 97% identical to the human cDNA in ATCC Deposit No.: 

98035. 

18. An isolated polynucleotide comprising a member selected from the group 
S consisting of: 

(a) a polynucleotide having at least a 70% identity to a polynucleotide encoding a 
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 20; 

(b) a polynucleotide having at least a 70% identity to a polynucleotide encoding a 
polypeptide comprising amino acid I to amino acid 329 forth in SEQ ID NO: 20; 

10 (c) a polynucleotide which hybridizes to and is at least 70% complementary to the 

polynucleotide of (a) or (b); and 

(d) a polynucleotide fragment of the polynucleotide of (a), (b) or (c) wherein said 
fragment comprises at least 30 consecutive bases of SEQ ID NO: 1. 

15 19. An isolated polynucleotide according to claim 1, wherein said region is the 

region encoding cathepsin K in the human cDNA insert in ATCC Deposit No.: 98035. 

20. An expression vector comprising cis-acting control elements effective for 
expression in a host ceil of an operatively linked polynucleotide according to claim 1. 

20 

21. An expression vector according to claim 20, wherein said control elements are 
effective for inducible expression of said polynucleotide in said host cell. 

22. An expression vector comprising cis-acting control elements effective for 
25 expression in a host cell of an operatively linked polynucleotide according to claim IS. 

23. A host cell having expressibly incorporated therein an expression vector 
according to claim 22. 

30 24. A host cell having expressibly incorporated therein an expression vector 

according to claim 18, 

25. A process for making a polypeptide, comprising the step of expressing in a 
host cell a polynucleotide according to claim I. 
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26. A process for making a polypeptide, comprising the step of expressing in a 
host cell a polynucleotide according to claim 18. 

5 27. A polypeptide of 15 or more amino acids identical in sequence to a continuous 

region of the amino acid sequence of SEQ ID NO: 20 . 

28. A polypeptide of 15 or more amino acids identical in sequence to a continuous 
region of the amino acid sequence of the polypeptide encoded by the human cDNA in 

10 ATCC Deposit No. 98035. 

29. A polypeptide of 50 or more amino acids identical in sequence to a continuous 
region of the amino acid sequence of SEQ ID NO: 20. 

15 30. A polynucleotide of 25 or more nucleotides identical in sequence to a 

continuous region of a polynucleotide at least 90% identical in sequence to the 
polynucleotide of SEQ ID NO: I . 

31. A polynucleotide according to claim 23 of 50 or more nucleotides. 

20 

32. A polynucleotide according to claim 31 of 75 or more nucleotides. 

33. A host cell genetically engineered with the vector of Claim 20. 

25 34, A process for producing a polypeptide comprising: expressing from the host 

cell of Claim 33 the polypeptide encoded by said DNA. 

35. A process for producing cells capable of expressing a polypeptide comprising 
genetically engineering cells with the vector of Claim 20. 

30 

36. A method for determining a cathepsin K-encoding polynucleotide in a sample, 
comprising the steps of: 

hybridizing to a sample a probe specific for said polynucleotide under conditions 
effective for said probe to hybridize specifically to said polynucleotide and 
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determining the hybridization of said probe to polynucleotides in said sample, 
wherein said probe comprises its sequence a region of 20 or more base pairs at least 90% 
identical to the polynucleotide sequence of SBQ ID NO: 1. 

37. A method for determining a cathepsin K-encoding polynucleotide in a sample, 
5 comprising the steps of; 

hybridizing to a sample a probe specific for said polynucleotide under conditions 
effective for said probe to hybridize specifically to said polynucleotide and 

determining the hybridization of said probe to polynucleotides in said sample, 
wherein said probe comprises its sequence a region of 20 or more base pairs at least 90% 
10 identical to the polynucleotide sequence of the human cDNA insert of ATCC deposit No. 
98035. 

38. A method for detecting in a sample a polypeptide comprising a region at least 
90% identical in sequence to the amino acid sequence of residues 1 through 135 of SEQ ID 

15 NO: 1, said method comprising: 

incubating with a sample a reagent that binds specifically to said polypeptide under 
conditions effective for specific binding and 

determining the binding of said reagent to said polypeptide in said sample. 



20 39. A method for diagnosing a disease characterized by aberrant expression of a 

cathepsin K polynucleotide, comprising: 

hybridizing a probe specific for a polynucleotide comprising a region at least 90% 

identical in sequence to an RNA or DNA that encodes amino acids 1 - 329 in SEQ ID NO: 

1 under condition effective for specific hybridization and 
25 determining hybridization of said probe to said polynucleotide in said sample. 

40. A method for diagnosing a disease characterized by aberrant expression of a 
cathepsin K polypeptide, comprising: 

incubating with a sample a reagent that binds specifically to a polypeptide 
30 comprising a region at least 90% identical in sequence to the amino acid sequence of 
residues 1 through 329 of SEQ ID NO: 1 under conditions effective for specific binding, 
and 

determining the binding of said reagent to said polypeptide in said sample. 
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41. A compound which inhibits activation of the polypeptide of claim 1 3. 



42. A method for the treatment of a patient having need of cathepsln K comprising: 
administering to the patient a therapeutically effective amount of the polypeptide of claim 

5 13. 

43. The method of Claim 42 wherein said therapeutically effective amount of the 
polypeptide is administered by providing to the patient DNA encoding aid polypeptide and 
expressing said polypeptide in vivo. 

10 

44. A method for the treatment of a patient having need to inhibit a cathepsin K 
polypeptide comprising; administering to the patient a therapeutically effective amount of 
the compound of Claim 41. 

15 45. A process for diagnosing a disease or a susceptibility to a disease related to an 

tmder-cxpiession of the polypeptide of claim 13 comprising: 

determining a mutation in a nucleic acid sequence encoding said polypeptide. 

46. A diagnostic process comprising: 

20 analyzing for die presence of the polypeptide of claim 1 3 in a sample derived from 

a host 

47. A method for identifying compounds which bind to and inhibit activation of 
the polypeptide of claim 13 comprising: 

25 contacting a cell expressing on the surface thereof a receptor for the .polypeptide, 

said receptor being associated with a second component capable of providing a detectable 
signal hi response to the binding of a compound to said receptor, with an analytically 
detectable cathepsin K polypeptide and a compound under conditions to permit binding to 
the receptor; and 

30 determining whether the compound binds to and inhibits the receptor by detecting 

the absence of a signal generated from the interaction of the cathepsin K with the receptor. 
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FIGURE 1 



[SEQ ID NO. 1J 

GCTTTGGCTCCCAAAGGCCTGGGATTACAGGCGTCAACCACTGCGCCTAG 
CCTGTTAGCAGCTCTTAAAATCCAGAGGCATAAGCCTCTATTTTTGAGGG 
TTTATGCATGGAATCCAGCTAGAAACTGAGTCTATTACAGATCCCATTTA 
- TTATCCTTTCTATTCCAAGAAGCCTTTTTTTCTCCTTCCCCACATCTGTT 
TATGGAAGAAAATGAAGTTTGGGGTGTGGTTTGAGGAATCAGCTAGATTC 
TTATGATCTGTCACATGCTTGGATOTTGGGGAAGCATTTGGAGAAGCTCA 
TGTGACTTGTCCTAGATTGGGGATTTTAATTGAGACAGATGATGTTTATC 
GGGCATCCCACCACCTGAGAGTTTTAGCAACAGAGTCACATGTGAGTCCA 
TCAGAACTTACGGCATTGATTCAAGTGCTGTCATAAATAACCAGGACTGC 
TGTTTTTGGXTACTTTTAAAGACAGTTTCATCTdGACTTTCTGGGCATAT 
CCTCCTTCAGCAAAACCACATTAGGCTGGGAAAACTATTCTGCCTGGAAG * 
TAATGACAACTTGCAACCAACAAGCTTATAAAAATACAAAGAATTCTGGA * 
GCCTATGGCCTCCATTACATTATTCTTTTATAGC * 
CGCATCCCAGAGGTGAGAGTCAGACACAAATATGAAAATAGGTTTCAATG 
TTGGAGAGGTAAATCCTAACAGGAAAGGGGTAGGAAAAGATATAATCCCC 
CAATATTAAAATAAAGATATTGAAGAAGAAGGATGGGAGAGACTAGGGCT 
GTGTCCTTCCTTTTACTCACCAAAAGAGAAAGTAAGCTCCTATTTGAGTC 
AATAGATATTGAGGTCTTGTTATTTGCCACCAAAGACAGTCTTGTGAGAC 
TAAATAGCTAGTAATTCCCTACCCTGGCACACATGCTGCATACACACAGA 
AACACTGCAAATCCACTGCCTCCTTCCCTCCTCCCTACCCTTCCTTCTCT 
CAGCATTTCTATCCCCGCCTCCTCCTCTTACCCAAATTTTCCAGCCGATC 
ACTGGAGCimCTTCCGCAATCCCGATGGAATAAArCTAGCACCCCTGAT 
GGTGTGCCCACACTTTGCTfiCCGAAACGAAGrCAGACAArAn^TT > Tyrj|^ 
CaSCaSsrtaacsrtttsr caacttccta gatcttttag ctfcfcfccattcc 
tgtcaattctctgagtattagggatgtagtgacttgaggatcacaataaa 
cttt tagcc tctgcaga tgaaaacagaga tgcac 1 1 c t taggtca ttccc 
tggctaaataaaatctgcctggaaatctgtagaattccttgtatgattta 
ta ta ta taca taca tga t tgt tagtaaaagcaaagta ta ta gggaa tea 6 ■ 
t tcccca tec 1 1 caagag tggee 1 1 tetgea gtgttttctactt tggeca 
acaagga tcaaaacggttaactcct tagtgaggaggaggagagtggta tg 
999aggtagtagctcagtgcttcqtgttcactgagacatctcaaagccct 
caacactctagtttttaaatgtcctactggacattttgccagtttgcaaa 
attacatgtaaatggactataagcaattgtgtaagccatatgtcacgctg 
caggctgeaaa t tgt tcttaaaa tggagga 1 1 fcgtaa t taagaaagccaa 
tgcaagaaatgagtgaa'gctaactagagtaaacttatgaaaagctgtgaa 
tttcatcatcatagaacattgcttttcagtctgaacattcttctaacaaa' 
ccttggatctgaggct tct tgtcct t tgcggcagccacagtgggtttttg 
t tgt taggggaaaa taaaaaaccttgcccgcagca, tctggttaaga t tag 
ggcagtttcctgcctaaggagggaagggagagaaaaagga&gaagaaatg. 
cataaggagaatgaggagatatacaatgtctcagaaaacaggaaacatt'g 
tcctattttcccttgtcctcttctgacaagatctgggELaagtaccagaat * 
ttaggcacgaaag'agaagaacgcctcgaagaaa tga tcaggaagcaaaac. 
t tagacggaaatctctcct t tgtgta t tctgaaccccactaccacc t tgc 
tatttgtctg tctccaagcc tgetagggae cctggaggaa aegcactgag 
cccattctga ttgtccagtt tctatccccc atttctggtt g-tgtacgtgz 
gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gagagagaga 
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FIGURE 1A 

gagacagaga gagaaacaga gagagtgtgt gttgcctaaa tctcccgaga 
gag&gagaga' gagagagaga gagagagaga gagagaaaag agagaaacgg 
ct&aatcccc ctagatcaaa gtccttggaa ccagatgtac cagcatccta 
tctaaacaca ggcccctcct gactateatt srfctfcfcafccac cctttttccg 
cccacctctc ccttccCcat aaagcctagt cctcctctgc ttccctgcca 

aatggaagag ttttccctaa ctacattctt ctcrca oGAVG TGGGGGCTCk 
&WTTCTOCT gCTACCTQTO gtgagcttto ctctgtaccc tqaqqaqata 
CTOGftCACCC ACTGGGAOCT atggaaoaag acccacagga agcaatataa 
CAACAAGsrfcg" cctgsrggtcc tggagggggc atggcaggaa ggctgag 
acctgagctc ccccatctta gcttccagac tcccttcttc aatccaaacg 
ctttattcca agcaaatcag tccctcttcc ctaacfccatgr ttaacatacg 
grttttcattc ctatgcttca atcatcctct tgtcaaactt grtattccttc 
cctttggttt iataagtgtg taacattcct cttttgggaa gagtcccaag 
attaatgctg ttaatccata agcaattttt ctgtctctcc agagcttgtg 
tggttgttta caCattatct ctcttcttgc aggctcttaa ttccatggct 
agttccccaa ctaaaczgta aacctecaeg attgtgagtt tcctttattc 
tcctaaaacc cttcacaata ttacatatga actgtagaca gtctatacaa 
gfcacfcgacfcafcrefcfcfcgfcfcteo*^ 
AAAAAACCtaAAGTATATTTCCATC^ 

TACATATCftarTraCTRTGJAC^^ tagcttcagc 
tcctgtcccacctgcaccatttgctttagttccctgctgatgcctggcctcttt 

CCCCTGTCTCATTCCCOCAGTAAT 
AGCCCrAGACTCTCTCGACTATC^ 

hQgt actctcctfct ettctgggtg tgcatatgta ■ atctggca 

tgaccttttc ctttttctgc tgctttgttc ttgaggtgaa agggcaccag 

gaaaagaggg caaggaatta aggtacatct ccccattccc afcfccfcsrttat 

tcaacctcat ttgtttctgt acatttgggt tgtttctggt ttttcttttt 
cttttccctt tttttttttt tttttttttt gagatagagt ctcactctgt 

cgcccaggat ggagtgcagt ggtgcaa tct tggctcactg caacctacac 

ctcccgggtt: caagcgattc tcctgcctca gcctcctgag tagctgagat 
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FIGURE IB 

tacaggcacg cgccactacg cctggctaat ttttctattt ttatagagat 
gcgttttcac catgttggcc aggctggtct tgaactgacc tcaggtgatc 
cacetgcctc agecccccaa . agtgctggga ttagagtcat gagccatcgc 
ggcetggttt Ctctctracta caaatagtgt tgcaataagc acccccgtgc 
atatgttttt gtgcacatgt acaaatattt atgcaaaata agtcctaaaa 
ttggaattgt taggtcacaa ataatccttt cccccccccc aaafctttttt 
ttccttttt^; agacagcgtc tctgtcaccc aggctggagt ccagtggcgc 
aatcatggct cactgcagcc tcaacgtetc aggctcaagt gattctccaa 
cctcagcctc cctagtagct gggaattaga agcacatgcc accacaccca 
gctaatttta aaaaattttt tgttagagac agggctttgc catgccaccc 
aagctggtct caaattcctg ggctcaagca atctgcccgc tfccggcctcc 
caaagtgcta ggattacaga catgagccac catgcccagc ccaaaaaagfc 
ttttgcaatc ttaeattctt actagcatga gaatgtcagt fctfcfcfccacaa 
cccaaacaac acaggattgt atcageaaga taaaeaattg atttaacgtt 
catttaacaa acactttttg acceccagaa cetaccagat gcagtqttag 
gcagcagatga etcaagatga ctaagacaca acctgtgtcc tcaggaaatc 
tcaatctafa aaaatagaac aggaaagaaa gaaaaafccta caatctagct 
gcacaaacaa taatagctaa Cactttttga gattttattg tttgtcagga 
acttcttaac tctttacatg agtttaaata tttaatccct tataacaata 
tcctatgcat agagaaactg agacacaggc aaafcfcfcagrfca actt&cccgg 
ggtcacatag ecactgggtg gcaaagtcag ggttagctcc caggacaaat 
gcctccacag ctggtactgt gctc'tgcttt actgtagcta atagtaaaaa 
tggtagcoaa aateaatagc agiagaacag tgcaacagat attaagcgga 
agaggaagac tcacaacaat gacaacattt gtgctgaaat ttttaagaac 
acatggaatt tccttcagcc gggtagagag aagatataga aatgtaaaca 
ccaaagattc atagtttctc tgtatccctt tcagfKaTCACrTGTGGTTCCTC 
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acacaatfcat aea^ctctg-fc tflrgcfccctcc ttccccagca tsratfftt 
ttgtactflnga aacaattcca gaaatactgt tttceijrtcac cctatcctgc 
Cttcctgatg gaacaacttc ccacagaagg ccaagaagat ttccacaatc 
tgggggaatt tagggagctt aagctactat agctcctatt tgcatctctg 
ccatggagag aaaacagagg ctaggctacc taccccatag acttccgagc 
tgggttctat aaecctctgc tcaattcctc act cccacaa caaacccaca 
aacccaccat grtatttfcca caaattgtgt ggctttattt tatatgatct 
cagtgtgagt tt tcaga&ca tttcagca&a ttatgtaagt fctacatgcta 
acatctataa aatgigagaa aaaacaagtt' gcttcatata agagataagg 
gactaactca gttcctcctg catg&tcctc tagtcatagg aaggaaatca 
tatctgaaag ggaggc&acc tgaggggttt tfcfcatacaca tagggctggg 
tctgatagac aa ta taa tgt agggccttca caacagaaac ctctgaaaca 
gggacagcaa gtttgagaat aaaaatgatg gctactgtgt fcctaacjccg*t 
gtccttagtg cattttttct ttttcttttt' fctcatfctaafc ctcafcaacaa 
ctctgttapg tagacetaec Ctgaatgtac aggt&agg&a atggucactt 
aaggagataa gacagtataa ttcataccac tagtatgtaa caatgtaaga 
cgtazctacc agggatgttt atcctctgc* aacattceta ggtatatctc 
ccatgcacat gtgcaag&at ttcttactag gatataatgc cttggaactg 
aattgtctgg gtcttagggt atgtctgtct tcaacttfcac fcacacaatgt 
caaattgttt gccaaaatat ttggaaaaat ttatacctgc aatgtgtaag 
aaatcccctt caatcacctt ■ tttatcagta tgtttatctg gccatCtgca 
tetcetcttc agtgaattaa ctgtttttat ctcttgctca tttgtttttc 
tctttatttt tttgaaatag ggtcttactc tgttgcccaa ggctggagtg 
tggtgataca gtcatagctc actgcagcct ccacttccgg gctcaagcaa 
tcctctcgcc tcagcctccc aaatagctag gatataggtg catgccatca 
tflrcccaccaa tttcaaaaaa cctttgraaat ttcttctctflr caaaagctag 
gcatggtggc tcatgcctgt aatcccagca ctttgggngg ctgaggtggg 
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FIGURE ID 

aggatcgctt gagcccagga attggaggtc ggcctgatac aacatagcaa 
gacctcatct ctacagaaaa aatttttaaa agtagccagg tatgatggcg 
tgcatagttc tagctactcc ggaagctggt tgggaggaca acttgagcct 
gggagctcaa ggctgctgtg aactgtgatc atgtcactgc tctctagcct 
gggtgacaga gcgagacccc gcccccaaaa acaacaaccg cccttcttgg 
tagagaca tt gtctcgctat gttgccaagg ctagtctcaa actcctgggc 
tcaagcaatc ctcccacctc ccaaagtgct gggattatag atgtaagcca 
ccatgcctgg cctacccttt tttttttttfc ttgaaatgga agttttgctt 
ttgtcaccta ggcctgagtg cagtggcgcg atcttggctc actgcaacct 
ccacctcctg gattcaagca attctcctgc ctcagcctcc tgaatagctg 
ggattatagg cacccgcaac cacgcccggo tagttbttgt atttttagta 
cagacagggt ttcaccatgt tggccagctg gtcttgaacc cctgacctca 
ggtggtccgc ccgcctcggc ctcccaaaafc gctgggatta aaagtgtgag 
ccaccatgcc ccacccctta ctcattttta attggattgt cttttctcct 
tcttagcgat tcttaaaagt ttaaagagaa tatttggata caatactatg 
tatttaaaag ttgaggtctg tctfctccatfc cttctcacga tgtctttc&a 
tctagaaaag ttaafcfctfcaa taggcctggc gcggtggctc acgcttgtaa 
tcccagcact ttgggaggct gagatgggtg gatcacaagg tcaggagatg 
aagaccatcc tggctaacat gggtgaaacc ctgtttctac taaaaataca 
aaaaaattag ctgggcgtgg tggcaggtgc ctgtagttcc agctactcgg 
gaggctgagg caggagaatg gcgtgaaccc gggaggtgga gctcgcagtg 
agccgagatt gcaccactgc actccagcct gggcaactga gcaagactgc 
gtfctcaaaaa. aaaaaaaagt taattttaat atagtaaaat tagtaaaagg 
attaattttc cctttgcaat ttttgtaatgr tgttttattc gtttatgaat 
ggagaaaggt aagaaaaaat aaaatttaaa aaagaagaga tgtggccagg 
t'acggtggct cacacctata atcccagtag tttgggaggc tgaggcaggc 
agatcacttg aggtcaggag tttgagacca gctgggataa catggtgaaa 
ccccatctct actaaaaata caaaaattag ccaggtgtga ttgcgcacgc 
ttgtaatccc agcaggctga ggcaggagaa ttgctcgaac tcaggaggca 
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£88* tS-£ttV 



FIGURE IE 

gaggtCgcag tgagccaaga tcaCgccatt gcaccccagc ccgggtaaca 
gagactctgt ttcaaaaaaa taaaaagata . aaaaaggaag agatctgata 
gggcggccag ataaacafctt taaagggyat ggtattataa gtttgttccc 
agcataatgc caggttattc tgactttaaa gtatcatcac ataatatctt 
tttgagtcaa tttccaagat attctgtttc acttgtaatt ctgtgtaatt 
tttggcacca ggaggcatca gggatttgga gcacatggca gaaacaaagg 
catcttgaaa aatatcaagg cagtagacca ctg'taatctt aaaatggeat 
atcaaacgct gctattgctg ttaatattta gataatgrta gataatgtat 
ttttttagag ggtatctcac tatcttgcac aggctggagt agagtggcta 
ttcacagcat gatcacagta cactaaaggc tcaaactcct gggcacaaac 
aatcctcctg cctcagcatg etgagtagta gataataagt tcttgtggat 
gcaaccttag ggttctgaag gggtagtctg taggaaaatg aattgctgaa 
aagaatacac caccztaaca tgggctatta ttcgattcca taaztgzggc 
ttgccaatga aacactgcta actacctgta aaatatagtg ttggaagtca 
taggctaaat tgctaagttc tttaatctat tttagtgtct tgttatgtac 
ttttatattfc tflrtctctgrat gagagcacaa ggatcacacc agttcccctg 
atataggttfc agagggccca ggtcttccct ctagctaagc cttggccttg 
gcctcctacc cacacagcag ctggtgcctt cctgccccct gaggctaata 
catactatgt ggccagaaga tggtttatgc ttt'ttaaaaa aatcttattt 
cagaaatctt tccctactgt tttcctccca catttatgtc ttaaaacacc 
tgtaggggat tttttttttt tttttttttt tgagatggag tctcgctctc 
gcccaggctg gagtgcaatg gcgcgatctt ggctcactgc aaggtctgoc 
tcccaggttc acgccattct cctgcctcag cctccccagt agctgggact 
acaggcgccc gctaccacgc ctggctaati, tttttgcatt tttagtagag 
acagggtttc actgttagcc aggatggtct cgatctcctg acctcgtgat 
ccaccc tec t cagcctccaa agtgc tggga t taacaggca tggagcccca 
ccgcactggc ctgtatttgt gaggaagaac agaccctctt tagaagcect 
agactgetge ctctgttagt. tcactggcat cactcaaaaC attggttgag 
tttctfcacfcc actgagttgg tttttatgtg tggtggaagg; egggaatect 
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FIGURE IP 

cttctcatac CcgctcccftC tgcctattgc tttgtcctag tcctattaca 
atcttcrtttct tcca OGAAGAG AGTTGTATGTAC AACCCAAC AGGCAAG<^ AGPT A 

fiATGCAGAGGGTACAGAGAGATCCCCGftGGGGAArfiAfiAAAGCCCTGAAGAGGffrft 
GTGGCC CG AOTGGG ACCTGTCTC TGTG QCC ATTG ATG AAGrfTTH AfTf'Tr' 

CTTgrAOTTTTArAnr'AAAr; gtaagaayct gctgatccta tacagcaccg 

ccttttatga t&caaacttg atggtttctc gaaggacctt gggtattttc 

agtacttagt ttttgtattc acatggaggt ggccagagag aaattaacaa 

ctgctgcagi atggagcagc atctctgtgg taaaccctcc tgacacggat 

gga&ttcttc aaacagtctc ctagactggg agatcccaca gggtgaccct 

tggattgcat agagcctcac gctggtagtt tcrtattrtag- CTGTrrrATTA 

ATCGAATCEA GAAGGGAAACAAGCACTGGA'PAA' P'PAA A A APACgr fra a tgr.g tg 

ggaacaciac ttttgttatt cagtcaccct tttaacactc aacctcacct 
ccagcttccc gatattcctt tctctgtccc aaatcdagaa aaaaCtaCcC 
c&gagttctc acttctatct tctcagtcag aggctcttaa Ctctcagtct 
gacacttaat ggccagtzgtg ttagtccatt ztgcactgcc acaaaagaat 
acccgagapt gggtagttta taaagaaacg aggtttgttt ggctatacaa 
agcgtggcac tagtatctgc tcagcctctg atgaggcctc agagctttta 
ctcatggcag aaggcaaaag agggagcagg catgtcacat agtg&gag&g. 
ggagcaagag agagagggag gtgccgac tc tt taaagaac cagctcttgc 
atgaactaat agagtgagaa ctcactcatc accaaggcga tggcaccaag 
ccattccatg aggaatccac tctcataacc caaacacctc ccactatgcc 
ccacctccca cattggggat cacatttcag catgagactg ggaggggaca 
cacatccaaa ccatatccgc cagacaatag tgctcaatta tgtgctgggc 
agatgctccc tgtgtgcaag gtgcttagtg acatacataa accaacgagc 
agatgacacc ttcagtgagc tcagagccca ataagacaga cctaactaac 
catgagataa agcagtacaa agaaccagca ggagctttgg aatt&cgtat 
ttttactttc ttttgtctct aatgtgatca gtttcttaga tggtttccat 
tagcaatctg tctttaacag taggggagca gcgttaaagg tttaatattc 
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FIGURE 1G 

cttttgaaca gfctfcfcfcfcfccc ttcaaaatac acttaagrata cacgtatata. 
agaacttgcc aa&gattgtg aagagaaaca tttcttagaa ataagatata 
aacaaaaaaa gttagtgtta ctttcctatg- ttggggaaca aagaaaactc 
cagggtaccc tgcttcccat ttctctttag caccttgtga cttttgggga 
ggggcagatt gataacaatt atagttttcc tttcctggct gatcaccatt 
aacctggcag cagcactggc t&aatctcct gtccttagtg ccctccaagg 
agcaggagcc' ctagactctg ggtcgctgac agactcacgc agtggtgttg 
ttcaaacctg aagcaacctt ttatatcaca gttccaactc aaggtgaacc 
tg&gcatctt cccaagtctc ccacagcttc tgtcctgtgt fcptcccttct 
cttgactccc aggtccaagc acttaccctg ttctttcatg atcaggtacc 
atgtgtggag afcagctccca agagagctgg gaggaagaaa ggacacaccc 
gggcaggacc aggaacactg ggggcccctg- gagaagggga gagtggggga 
gggtacaggt tttaaataaa. atgtgttggt aattagag&a ttgctggttg 
gggaaagagg tctgaaaaca attcaggaag ataaacaaga caatctctcc 
tctctcctct ttctcacgtc gtctctcttg tcttctagtc tcgctactca 
tttccttagt aatctcatcc actctcatag tttcatccat ctctcctatg 
gggtttacpc ccaaatcaag atcaccegct tcagcctcct tcttatgctc 
taaactcaca ttttcaagat taat&ttccc caaatacacrc tctgatcata 
tcactctccc actcaaaatc cctcactggc tcctcacgat gatgggtcac 
agagtaaagg tgaagctttt taaccttgca gtaaaggtaa ttcaacctga 
tctcaatctg cctttccaga catctctccc actacaccct gttaggcaca 
ctgcttttca gctacatgat cctaacagtg ccccacactt tcctgcccct 
gttgttcatt tcacaccctt ccactggcat ccccttccca caggccgaaa 
ttctacttag- ccttttggct cagctcaaat gccacctctt acatcaagoc 
tctaagabtc tcttgatcag aaggaatctt tccctccttt gatacctaca 
gtattatgcc Ctctccccat tccttgactt taaactcttt aaagttaaaa 
aacatcatat tcatttttgt gtaccatcag tacctcgcac aatactcagt 
aaatatitta atgaataaat aaactgagag tactaagtat ttttcttgrat 
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FIGURE IH 

GGAAATAAOAACAACGCCTGKXre^ 

ACTCCAGCCAGCCCAAATCCATCC^^ 

GTAACGATGCACTTTGGAAGGGAGTTGG yGTO^ 

TGGTGATACTGAGATTGTCTGTTCAGTTTrrrr& TTTnTTT^TGCTTCAAATCA, 
TCCTTCCTACTTTGCTTCTCTCgA^ 

CTTTCCCCTGACAGCTGTGTAOTCTTAGGGTAAflAGATG TOACTAgAGPPT^rrr 
TGACTGTGTTGTCCCAGGGCTGATGCTGTAG AGGTACAnflTTt^ Af? ATTTTP fl, T 
AGGTTAGACTCTCATTCAnGGGACTAG TTAGC^TTAAGCACCC!TAGAGGAC f PA l (^pq 
TAATCTGACTTCTCACTTCCTAAGTTCCC^ 

ATGTTTTCTACTCCAATTGATAAATCTATTCATAAGTCTTTGGTAPAAGTTTArAT 

GATAAAAAGAAATGTGATTTGTCTTCCCTTCTTTGCA CT 

ATCTCCTGTCTACAGTCT^ 

TACTGTGTTAGGTGCTGGAGGAAAAAAGATGAATAGAACA 
TGCKTCACAGTCTGGWGTAGAGACTC^ 

TATTTGTTCATTCCTTCAGCCAATATATATTGAGTTCTTACTCTGTGCCAAGAACT 
GTACTACATTTCTGGGATTAAGTGGATATAAG 

GAGATCTCAGTGTTTAATCTGCCTGAGGGGAGACTAAATTAAGTGACATGGAAACT 
TGGGTCTTGAAAAACATTTTAAGGTTATTTTTTCTTTTCTCTCTCTCTCGCT 
CTGTCTTTCTC TCTCTTTCGTCAGGGTCTCCCTCTGTTGCCCAGGCTGGAGTC 
AGTGGCACTCATAGCTCACTGCAGCCTTGATCTCCTGGGCTCAAGAGTTCTTCCCA 
CCTCAGTCTCCTAAGTAGCTTGGACTACGG 
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eat* /tut/7 



FIGURE 2 



latxea X 

CDMA CACACrXTGCTGCCGAAACGAAG^CAGACAACAJGATTC 49 
U F 

ATCTGGGGGCTCAAGGTTCXGCTCC TACCTGTGGTGUUSCT TTGCTCTGTACCCTGAGGAG 109 
MWGLKVLLLPVVSFALYPBE 

; >2F lR< lncrod 2 

ATACTOO\CACCCACTGGGAGCTATGGAAaAAGMCCACA^ 169 
ItOTHWELWKKTHRKQYNNK 



GTGGATGAAATCTCTC GGCGTTTAATTTGGGAAAAAAAC CTGAAGTATATTTCCATCCAT 229 
VDEISRRLIWEKNLKYISIH' 
am of 

AACCTTGAGGCTTCTCTTGGrGTCCATACAEATGAACTCXJClATG^ 289 
NLEA SLGVHTYELAMNHLGD 
iatxon 3 

AOTTACCAGTCAAGAGGTGGTTCAjGRAGATaACTGGACT 349 
M T5 EEVVQKMTCLKVPLSHS 

3r, : 

CGCAGTAATQACACCCTTTATAICCCAGAATGCGAAGGTAGAGCCCCAaA 409 
RSNDTLYIPEWEGRAPDSVD 

Iatxon 4 — — 

TAXCCL&AiaAAAGGUlTATOTXftCTCCTGT 4 69 
YRKKGYVTPVKNQ GQCGSC.W? 


GCTTTSAGCTCTGTGGCTGCCCTG^GGGCaULCirC^ 52 9 

AFSdVGALBQQLKK'KTGX-'XiL 

AAXCTGAGTCCCCAGAACC27AGTGGATTGTGTGTCTGAGAAX 58 9 

NLSPQNLVDCVSENDGCGGG 

TACATGACCAATGCCTTCCAATATCTG^GAAGAACC© 54 9 

VW THA'FQYV QKllRG IDS EDA 

infer on 5 4R« 

TACCCATATCT<WaACAO r GAAaAOAaTTGTATCrrACAACCCA^^ 709 
Y P Y V G Q EESC HYNPTG .KAAK 
*5fi«F 

TGCAGAGGX3TAGAGAGAGATCCCCGAGGGGAA 7 59 

CRGYR EI PEGMEKALKRAVA 

CGAGrGGGACCTGrCTCTOTGGCCATTGATGCAAGCCTGACCTCCTTCCAGTnTAC&GC 829 . 
RVGPVSVAIDASIiTS PQFYS 
lntroa- ff 

AAAG^GTGTGEAX^TGATGAAAGCTGCAATAOCGA^ 8 89 

KG VYYDESCNSDNLNHAVLA 
7F „ : _5 tfiR lawra T 
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FIGURE 2A 



vgygiqkonkhwi ikjts woe 

AACTGGGGAA A CA ft ^^ATATArcCTCATCygCXCQAJUlTAAgAACAACGCCTCTC<Kl^TT 10 0 S 
NWGNKGYILMARNKNMACOI 

7R< > G ? 

GccAAccTGGcckGcnTCccauiGMOTcaiCTca^ 10 es 

A II L A S F P K M 

CCATTTCCTOCCAC^TGGTGCAGOOTAACOAT^^ 2JL29 

TU'l^-i.- QAAGCAOAT \* 'iAjkjfi, OAT AC TGAGATTGTCT CTTGAGT TTC C CCATT'rUT'iyjQTCg 1109 

TTCAAAiaATCCTTCCTACSOTCCTCCTCTCCACCCAraJW^^ 124$ 

0R« 

CACGACTTTCCCCTOACAGCTGTOTACXCTlAGGCTAAaAa^ 130$ 

CTXJACTGTOrTGTCCCAOTGCra^^ 13 ff g 

TTAGATTCTCAJTCACGGaACtA©TTAGCrTTRA<^ 142 9 

ACTTCTCaCTTCCTAAaTTCCCTTCTAfcArCQTCa^ 14 8 g 

rCCAATTCATAAAXCTATTCASAAGTCrTTGSTACAAGra ^L54S 

GAXTTGTCTTCCCTTCTOTGCACTTSTGAjy^ 1$09 

9R( 

&2M&TAOCATCTAOTACACACTCA 3,534 



3'OTR TTTTGTGTTGGATACTGTt^AGGTGCKMAG 1688 

TTCTATGTACTTGATGCGCTCACAGTCTGGTTGTAGAGACTG^ 1748 

CCAATTC&TTTATTTGTTGATTCCTTCAGCCAATATATATTGAGT^ 18 0 8 

AGAACTGTACTACATTTCTGOGATTAAGTOGATATAAGGAGAICTC^ 1868 
CTG AGGGG AGAC TAAATTAAGTG ACATGGAAAC TTGGGTCTTG AAAAAC^TTTT AAGGTT 1928 

ATTTTTTCTTTTCTCTCTCTCTCGC^^ X908 . 

TGTTGCCCAGGCTGGAGTCAGTGGCACTCATAGCTC^ 2048 

CAAGAGTTCTTCCCACCTCAGTCTCCTAAGTACCTTGGACTACGG 2108 
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FIGURE 3 

Cathepsin-K Sequence: Exon-Intron Boundaries 
(A) 5 1 Untranslated sequence [SEQIDN0-2J 

GCTTTGGCTC CCAAAGGCCT GGGATTACAG GCGTGAACCA CTGCGCCTAG 
CCTGTTAGCA GCTCTTAAAA TCCAGAGGCA TAAGCCTGTA TTTTTGAGGG 
TTTATGCATG GAATCCAGCT AGAAACTGAG TCTATTACAG ATCCCATTTA 
TTATCCTTTC TATTCCAAGA AGCCTTTTTT TCTCCTTCCC CACATCTGTT 
TATGGAAGAA AATGAAGTTT GGGGTGTGGT TTGAGGAATC AGCTAGATTC 
TTATGATCTG TCACATGCTT GGATGTTGGG GAAGCATTTG GAGAAGCTCA 
TGTGACTTGT CCTAGATTGG GGATTTTAAT TGAGACAGAT GATGTTTATC 
GGGCATCCCA CCACCTGAGA GTTTTAGCAA CAGAGTCACA TGTGAGTCCA 
TCAGAACTTA CGGCATTGAT TCAAGTGCTG TCATAAATAA CCAGGACTGC 
TGTTTTTGGT TACTTTTAAA GACAGTTTCA TCTGGACTTT CTGGGCATAT 
CCTCCTTCAG CAAAACCACA TTAGGCTGGG AAAACTATTC TGCCTGGAAG 
TAATGACAAC TTGCAACCAA CAAGCTTATA AAAATACAAA GAATTCTGGA 
GCCTATGGCT TCCATTACAT TATTCTTTTA TAGCCTTTTA TGTTCATTAC 
CGCATCCCAG AGGTGAGAGT .CAGACACAAA TATGAAAATA GGTTTCAATG 
TTGGAGAGGT AAATCCTAAC AGGAAAGGGG TAGGAAAAGA TATAATCCCC 
CAATATTAAA ATAAAGATAT TGAAGAAGAA GGATGGGAGA GACTAGGGCT 
GTGTCCTTCC TTTTACTCAC CAAAAGAGAA AGTAAGCTCC TATTTGAGTC 
AATAGATATT GAGGTCTTGT TATTTGCCAC CAAAGACAGT CTTGTGAGAC 
TAAATAGCTA GTAATTCCCT ACCCTGGCAC ACATGCTGCA TACACACAGA 
AACACTGCAA ATCCACTGCC TCCTTCCCTC CTCCCTACCC TTCCTTCTCT 
CAGCATTTCT ATCCCCGCCT CCTCCTCTTA CCCAAATTTT CCAGCCGATC 
ACTGGAGCTG ACTTCCGCAA TCCCGATGGA ATAAATCTAG CACCCCTGAT 
GGTGTGCC 
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FIGURE 3A 



(B) Exon 1 [SEQ ID NO. 3] 

CACACTT TGC TGCC GAAAC GAAGCC AQACAACAGATTTCCATCAGC AQ 

(C) IntronUSEQIDNO.4] 

fftaacgtttff caacttccta gatcttttag cttttcattc ctgtcaattc 
tctgagtatt agggatgtag tgacttgagg atcacaataa acttttagcc 
tctgcagatg aaaacagaga tgcacttccc aggtcattcc ctggctaaat 
aaaatctgcc tggaaatctg tagaattcct tgtatgattt atatatatac 
atacacgact gttagtaaaa gcaaagtata tagggaatca tttccccatc 
cttcaagagt ggcctttctg cagtgttttc tactttggcc aacaaggatc 
aaaacggtta actccttagt gaggaggagg agagtggtat ggggaggtag 
tagctcagtg cCtcct^rttc actgagacat ctcaaagccc ttaaeactct 
agtttttaaa tgtcctactg gacattttgc cagtttgcaa aattacatgt 
aaatggacta taagcaattg tgtaagccat atgtcatgct gcaggctgca 
aattgitctt aaaatggagg atttgcaacc aagaaagcca atgcaagaaa 
tgagtgaagc taactagagt aaacttatga aaagctgtga afctteateat 
catagraacat tgcttttcag tctgaacatt cttctaacaa accttggatc 
tgaggcttct tgtcctttgc ggcagccaca gtgggttttt gttgtta&gg 
gaaaataaaa aaccttgccc gcagcatctg gttaagatta gggcagtttc 
ctgectaagg agggaaggga gagaaaaagg aag&agaaat gcataaggag 
aatgaggaga tatacaatgt ctcagaaaac aggaaacatt gtcctatttt 
cccttgtcct cttctgacaa gatctgggaa agtaccagaa tttaggcacg 
aaagagaaga acgccccgaa gaaatgatca ggaagcaaaa ettagaegga 
aatctctcct ttgtgtattc fcgaaecccac taccaccttg ctatttgtct 
gtctccaagc ctgctaggga ccctggagga aacgeactga gcccattctg 
attgtccagt ttctatcccc catttctggt tgtgtacgtg tgtgtgtgtg r 
tgtgtgtgtg tgtgtgtgtg tgtgtgtgtg tgagagagag agagacagag 
agagaaacag agagagtgtg tgtztgcctaa atctcccgag agagagagag 
agagagagag agagagagag agagagaaaa gagagaaatg gctaaatccc 
cctagatcaa agtccttgga accagatgta ccagcatcct atctaaacac 
aggcccctcc tgactatcat tgrttttatea ccctttttcc g-tefcaccttt 
etcctcctca taaagectag ttttcctctg tttccctgcc aaatggaaga 
gttttcccta actacattet tetgeag 
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FIGURE 3B 
(D) Exon 2 [SEQ ID NO. 5] 

GATGTC3GGGGCTCAAGGTTCTGCTGCTACCTGTGGTGAGCTTTGCTCTGTA 

CCCTGAGGAGATACTGGACACCCACTGGGASCTATGGAACAAGACCCACA 
GGAAGCAATATAACAACAAQ 

(E) mtron 2 [SEQ ID NO. 6] 

gtgcctgggg tcctggaggg ggcatggcag gaaggatgag acctgagctc 
tctcatctta gcttccagac tcccttcttc aatccaaatg cfettattcca 
agrcaaa fccasr tccctcttcc ctaacteafcg- ttaacatac^ g-ttttcattc 
ctatgrcttca atcatcctct tgtcaaactt gtattccttc cctttggttt 
tataagtgtg taacattcct ctt'ttgggaa gagtcccaag attaatgctg 
fctaatccata agcaa fcfctCC ctflrtctcccc a^agcttsrtg fcflyfctsttta 
catattatct ctcttcttyc aggctcttaa ttocatggtt agttcccqaa 
ctaaactgta aacttttatg attgtgagtt tcctttattc ' tcctaaaacc 
cttcacaapa ttacatatga actgtagaca gtctatacaa gtact&acta 
tgctttgttt ag 

<F) Exoa 3 [SEQ ID NO. 7] 
GTG<aTGAAAICTCTCGGCGTTTAAT^ 

CCATAAC CT TGAGGCTTC TCTTGGTGTCCATACATATGAAC TGGCTATGAACCAC C 
TGGGGGACATG 

(G) Introa 3 [SEQ ID NO, 8] 

ffca&gtatag cttcagctcc tgtcccacct gcaccatttg ctttagttcc 
ctgctgatgc ctggcctctt tcttctfctgt cttag 
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FIGURE 3C 
(H) Exon 4 [SEQ ID NO. 9] 
ACCAGTGAAGAGGTGGTTCAOAAGATC 

CCGCAGTAATGACACCCTTTATATCCCACAATGGGAAGWTAGAGCCCCAGACTCTG 
TCGACTATCGAAAGAAAGGATATGTTACTC CTGTGAAAAATCAG 

U) latroa 4 [SEQ ID NO. 10] 

p-tactctcct ttcttctygg tgtgcatatg taatctggca tgaccttttc 
ctttttctgc tgctttgttc ttgaggtgaa agggcaccag gaaaagaggg 
caaggaatta aggtacatct ccccattccc attctyttat ttaaccccac 
ttgtttctgt acatttgggt tgtttctggt ttttcttttt cttttccctt 
tfctfcfcfctttt tttttttttt gagatagagt *ctcacfcctgt cgcccaggat 
ggagtgcagt ggtgcaatct tggctcaccg caaccCacac ctcccgggtt 
caagcgattc tcctgcctca gccccctgag tagctgagat tacaggcacg 
cgccactacg cctggctaat fcfcttcfcafcfct ttatagagat gcgttttcac 
catgttggfc aggctggtct tgaactgacc tcaggtgatc cacctgcctc 
agcctcccaa agtgctggga ttagagtcat gagccatcgc ggcctggttt 
ttctttatta caaatagtgt tgcaataagc acccttgtgc atatgttttt 
gtgcacatgt acaaatattt atgcaaaata agtcctaaaa ttggaattgt 
taggtcacak ataafcccttc cccccccccc aaaetttttfc tttttttttg 
agacagcgtc tczgtcaccc aggccggagt ccagtggcgc aatcatggct 
cactgcagcc tzaacgtctc aggctcaagt gattctccaa cctcagcctc 
cctagtagct gggaattaga agcacatgcc accacaccca gctaatttta 
aaaaattttttgttagagac agggttttgc catgctaccc aagctggtct 
caaattcctg ggctcaagca atctgcccgc ttcggcctcc caaagtgcta 
ggattacaga catgagccac catgcccagc ccaaaaaagt ttttgcaatc' 
ttacatcctc actagcatga gaatgtcagt ttcttcacaa cccaaacaac 
acaggattgt atcagcaaga taaacaattg atttaacgtt catttaacaa 
acactfctttgr acccccagaa cctaccagat gcagtgttag gcagcagaga 
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FIGURE 3D 

ctcaagatga ctaagacaca acctgtgtcc tcaggaaatc tcaatctaaa 
aaaatagaac aggaaagaaa gaaaaatcta caa tctagct. gcacaaacaa 
taatagctaa tactbtttga gattttattg tttgtcagga acttcttaac 
tctttacatg agtttaaata tttaatccct tataacaata ttttatgcat 
agagaaactg agacacaggc aaattbagta acttacccgg ggtcacatag 
ctactgggtg gcaaagtcag ggttagctcc caggacaaat gcctccacag 
ctggtactgt gctctgcttt actgtagcta atagtaaaaa tggtagcaaa 
aatcaatagc agtagaacag tgcaacagat attaagcgga agaggaagac 
tcacaacaat gacaacattt gtgctgaaat ttttaagaac acatggaatc 
tccttcagcc gggtagagag aagatataga aatgtaaaca ccaaagattc 
atagtttctc tgtatccctt tcag 

(J) Exoa 5 [SEQ ID NO. 11] 

(WTCAGTGTTCTTCCTGTTGGGCrTTTAGCTCTCTGGC^GCCCTGGAGGGCCAA 
CTCAAOAAGAAJULCTGGCAA^C TC TTAAATCTGAGTC CC CAGAACC TAGTGGATTG 

TGCAG&AGAAC CGGGGTATTGACTCTGAAGATGC CTACC CA/EA.T OTGGCACAG 

(K) Intrcm S [SEQ ID NO. 12J 

gtg&gattgc tccacacaat tatacagctc tgttggctcc tccttcccca 
gcatgatgtt ttgtactgga aacaattcca gaaatactgt tttctgttat 
cctatcctgc tttcttgatg gaataatttc ccacagaagg ccaagaagat 
ttccacaatc tgggggaatt tagggagctt aagctactat agctcctatt 
tgcatctctg ccatggagag aaaacagagg ctaggctacc taccccatag 
acttccgagc tgggttctat a&ccctctgc tcaattcctc aczcccacaa 
caaacccaca aacccaccat gctattttca caaattgtgt ggctttattC 
tatatgatct cagtgtgagt tttcagaaca tttcagcaaa ttatgtaagt 
ttacatgcta acatctataa aatgagagaa aaaacaagtt gcttcatata 
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FIGQRE 3E ' 

agagataagg gattaactca grttcctcctg catgatcctc fcaytcafcapp 
aaggaaa tea ' tat ctgaaag ggaggcaacc tgaggggttt tttatacaca 
tagggctggg tctgatagac aatataatgt agggecttca caacagaaac 
ctctgaaaca gggacagcaa gtttgagaat aaaaatgatg gctactgtgt 
tctaagccgt gtccttagtg cafcfcfcfcfcfccfc fcfcfcfccfcfctfct ttcatfctaat 
ctcataacaa ctctgttagg tagacttatc ttgaatgtat aggcgaggaa 
atggacactt aaggagataa gacagtataa ttcataccac tagtatgtaa 
caatgtaaga tgcatccacc agggatgttt atcttctgca aacattccta 
ggtatatctc ecatgcacat gtgcaagaat ttcttactag. gatataatgc 
cttggaactg aattgtctgg gtcttagggt atgtctgtct tcaactttac 
tacacaatgrt caaattgttt gcCaaaatat ttggaaaaat ttatacctgc 
aatgtgtaag aaatccccct caatcacctt tttatcagta tgttt&tctg 
gccatttgca tttcttcttc agtgaattaa ctgtttttat ctcttgctca 
tttgtttttc ttbttatttt tttgaaatag ggtcttactc tgttgcccaa 
ggctggagtg tggtg-ataca gtcatagctc actgcagcct ccacttccpg 
gctcaagcaa tcctctcgcc tcagcctccc aaatagctag gatataggtg • 
catgccat^a tgcccaccaa tttcaaaaaa cctttgaaat ttttttttt^ 
taaaaflrctagr gcatggtggc tcatgcctgt aatcccagca ctttgggagg 
ctgaggtggtf aggatcgctt gagcccagga attggaggtc ggcctgatac 
aacatagcaa gacctcatct ctacagaaaa aafcttfcfcaaa agtagccagg 
tatgatggcg tgcatagttc tagctactcc ggaagctggt tgggaggaca 
acttgagcct gggagttcaa ggctgctgtg aactgtgatc atgtcactgc 
tctctagcct gggtgacaga gtgagaccct gbccccaaaa acaacaaccg 
tttttfcttsngr tagagacatt grtctcgctat gttgcca&gg ctagtctcaa 
actcctgggc tcaagcaatc ctcccacctc ccaaagtgct' gggattatag 
atgtaagcca ccaCgcctgg cctacccttt tttttfctttt ttgaaatgga 
agztttgctt ttgtcaccta ggcttgagtg cagtggcgcg atcttggctc 
actzgcaacct ccacctcctg gattcaagca attctcctgrc ctcagcctcc 
tgaatagctg ggattatagg cacccgcaac cacgcccggc tagtttttgt 
atttttagta cagacagggt ttcaccatgt tggccagctg gtcttgaacc 
cctgacctca ggtggtccgc ccgcctcggc ctcccaaaat gctgggatta 



-176- 



fttttr 



FIGURE 3P 

aaagtg-tgagr ccaccatgcc ccacccctta ctcattttta attggattgt 
tttttctctc tcttagcgat tcttaaaagt ttaaagagaa tatttggata 
caatactatg tatttaaaag ttgaggtctg tctttccatt cttctcacga 
tgtctttcaa tctagaaaag ttaattttaa taggcctggc gcggtggctc 
acgcttgtaa tcccagcact ttgggaggct gagatgggtg gatcacaagg 
teaggagatg aagaccatcc tggctaacat gggtgaaacc ctgtttctac 
ta&aaataca aaaaaattag ctgggcgtg? tggcaggtgc ctgtagtEcc 
agctactcglg gaggctgagg caggagaatg gcgtgaaecc gggaggtgga 
gcttgcagtg agccgagatt gcaccactgc actccagcct gggcaactga 
gcaagactgc gtttcaaaaa aaaaaaaagt taattttaat atagtaaaat 
tagtaaaagg afctaatttfcc ccttfcgcaat ttctgtaatg tgttttattc 
gtttatgaat ggagaaaggt aagaaaaaat aaaatttaaa aaagaagaga. 
tgtggccagg tacggtggct cacacctata atcccagtag tttgggaggc 
tgaggcaggc agatcacttg aggtcaggag tttgagacca gctgggataa 
catggtgaaa. ccccafcctct actaaaaata caaaaattacj ccaggtgCga 
ttgcgcacgc ttgtaatccc agcaggctga ggcaggagaa ttgctcgaac 
tcsggaggca gaggttgcag tgagccaaga tcatgccatt gcactccagc 
ctgggtaaca gagactctgt ttcaaaaaaa taaaaagata aaaaaggaag 
agatctgata gggcggccag ataaacattt taaaggggat ggtattataa 
gtttgttccc agcataatgc caggttattc tgactttaaa gtatcatcac 
ataatatcfcf tttgagtcaa tttccaagat attctgtttc acttgtaatt 
ctgtgtaatt tttggcacca ggaggcatca gggatttgga gcacatggca 
gaaacaaagg catcttgaaa aatatcaagg cagtagacca ctgtaatctt 
aaaatggcat atcaaatgct gct&ttgctg tfcaafcafcfcfca gataatgtta 
gataatgtat ttttttagag ggtatctcac tacctcgcac aggctggagn 
agagtggcta ttcacagcat gatcacagta cactaaaggc tcaaactcct 
gggcacaaac aatcctcctg cctcagcctg ctgagtagta gataataagt 
tcttgtggat gcaaccttag ggctccgaag gggtagtccg taggaaaatg 
aattgctgaa aagaatacac caccttaaca tgggctatta ttcgattcca 
taattgtggc ttgccaatga.aacattgcta actacctgta aaatatagtg 
ttggaagtca taggctaaat tgctaagttc tttaatctat tttagtgtct 
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FIGURE 3G 

tgttatgtac ttttatattt tgtctttgat gagagcacaa ggatcacacc 
agttcccctg acacaggcgc agagggccca ggtcttccct ctagctaagc 
cttggccttg gcctcctacc cacacagcag ctggtgcctt cctgccccct 
gaggctaata catactatgt ggccagaaga tggtttatgc tttttaaaaa 
aa fccfcfcattfc cagaaatc tt tcccfcactgrt tttcctccca catttatgtc 
ttaaaacacc tgtaggggat tttfctttttt cctttcttct tgagatggag 
tctcgctctc gcccaggctg gagtgcaatg gcgcgatctt ggctcactgc 
aaggcctgcc ccccaggttc acgccatict cctgcctcag cctccccagt 
agctgggact acaggcgccc srctaccacyc cfcg^ctaatt tttttflrcatt 
tt tag tagag acagggtttc actgt fcagcc agga tggtct cgatc tcctg 
acctcgtgat ccacccfcccfc cagcctccaa agtgctggga ttaacaggca 
tgg-agcccca ccgcactggc ctgtatttgt gaggaagaac agaccctctc 
. tagaagccct agactgctgc ctctgttagt tcactggcat cactcaaaac 
attggttgag tttcttactc actgagttgg tttttatgtg tggtggaagg 
cgggaatcct cttfcfccatat tcgttctcafc tgcctattgc tttgtcctag 
tcctattaca atcttgtttc ttaoag 

CD Exon 6 [SEQIDN0.13] 

GAAGAGAGTTGTATGTACAACCCAACAGGCAAGGCAGCTAAATGCAC^ 
AGAOATCC C CQAGGGQAATGAGAAAGCC CTGAAGAGGGCAGTGGCCC GAGTGGGAC 
CTGTCTCTGTGGC CATTGATGK^GCCTGACCTCCTTCC AOOTTTACAGOUAQ 

(M) latroa 6 [SEQIDN0.14] 

fftaagaagct gctgatccta tacagcactg tcttttatga tacaaacttg 
atggtttctc gaaggaccct gggtattttc agtacttagt ttttgtattc 
acatggaggt ggccagagag aaattaacaa ctgctgcagt atggagcagc 
atctctgtgg taaaccctcc tgacacggat ggaattcttc aaacagtetc 
ctagactggg agatccc&ca gggtgaccct tggattgcat agagcctcac 
gctggtagti tgtattctag- 
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FIGURE 3H 
(N) Exon 7 [SEQ ID NO. 15J 

GTGOQATAXGQAATCCAOAAGGaAAACAAGCACTGaATAATTA 
{O) Intron 7 [SEQ ID NO. 16] 

gtaatgatgg gaacactact tttgttaztc agtcaccctt ttaacactca 
acctcacctc cagnct tcccg* aeattccttfc ctctgcccca aatcaagaaa 
aaattatct cagragrttctc acttctatct tctcagtcag aggctcttaa 
ttctcagtct gacacttaat ggccagtgtg ttagtccatt ttgcattgce 
acaaaagaac acccgagact gggtagttta taaagaaacg aggtttgttt 
ggctat&c&a agcgrggcac tagtatctgc tcagcctctg atgaggcctc 
agagctttta ctcatggcag aaggcaaaag agggagcagg catgtuacat 
agtgagagag ggagcaagag agagagggag gtgccgactc tttaaagaac 
cagctcttgc atgaactaat agagtgagaa ctcactcate accaaggcga 
tggcaccaag ccattccatg aggaatccae tctcataacc caaacacctc 
ecactatgcc ccacctccca cattggggat cacatttcag catgagactg 
ggaggggaca cacafcccaaa .cc&tatccgc cagacaatag tgctcaatta 
tgtgctgggc agatgctccc tgtgtgcaag gtgcttagtg ac&tacat&a 
accaacgagc agatgacacc ttcagtgagc tcagagccca ataagacaga 
cctaactaac catg"agataa agcagtacaa agaaccagca ggugctttgg 
aatbacgtat ttttactttc CttfcgtctcG aatgtgatca gtttcttaga 
tggtztccat tagcaatctg tctttaacag taggggagca gcgtt&aagg 
tttaatattc cttttgaaca gctcttttcc ttcaaaatac acttaagrata 
cacgtatata agaa c t tgrcc 'aaagattgtg a agaga a aca ttttttagaa 
ataagatata aacaaaaaaa gttagtgtta ctttcctatg ttggggaaea 
aagaaaacte cagggtacct tgcttcccat ttctetttag caccttgtga 
cttttgggga ggggcagatt gataacaatt ataflrfctttcc tttectggct 
gafccaccatt aacctggcag cagcactggc taaatctdct gtccttagtg 
ccctccaagg agcaggagcc ctagactctg ggtcgctgac agactcacgc 
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FIGURE 31 

agtggtgttg ttcaaacctg aagcaac ttt ttatatcaca gttccaactc 
aagrg-tflraacc fcgagcatctt cccaagtcfcc ccacagcttc tgtcctgtgt 
tgtcecccct cttgactccc aggtccaagc acttaccctg ttccctcatg 
atcaggtacc atgtgtggag atagcttcca agagagctgg gaggaagaaa 
ggacacaccc gggcaggatc aggaacaetg ggggcccctg gagangggga 
gagtggggga gggtacaggt ttta&ataaa atgtgtbggt aatt&gagaa 
ttgctggttg gggaaagagg tctgaaaaca at tcaggaag ataaacaaga 
caatcfcctcc tctctcctct ttctcacgtc gtctctcfctg tcfctctagrtc 
tcgctactca tttccttagc aaCctcatcc actctcatag tttcatccat 
ctctcctatg gggtttaccc ccaaatcaag atcaccagcc tcagcctccc 
tcttatgctc taaactcaca ttcccaagat taatattccc caaatacagc 
tctgatcata tcactctccc actcaaaatc cctcactggc tcctcacgai: 
gatgggtcac agagtaaagg tgaagctttt taaccttgca gtaaaggtaa 
ttcaacetga tctcaatctg cctttccaga catctcteec actacaccct 
gttaggcaca ctgcttttca gctacatgat cctaacagtg ccccacactt 
tcctgcctct gttgttcatt tcacaccctt ccactggcafc ccccttccca 
caggtcgaaa ttctacttag ccttttggct cagctca&aC gccacctcfct 
acatcaagcc tctaagattc tcttgatcag aaggaatctt tccctccttt 
gatacccaca gtattafcgcc ttctccctat ttcttgactt taaactcttt 
aaagttaaaa aacatcatat tcattttcgt gtaccatcag tacctcgcac 
aatactcagt aaatatttta atgaataaat aaactgagag tactaagtac 
ttttcttgat cggtcctaea g 

(P) Exon.8 [SEQIDNO. 17] 

ACGCCTGTGCCJlTTCCCJUlCCaXK^CA.aCTTCCCCAAG&TG End Coding 
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FIGURE 3J 

(Q) 3' On translated saguence eDHA [SEQ ID NO. 18] 

TOACTCCAOCCAGCCCAAArCCATCCTGCTCTTCCATTTCCTTCCACGATQOrO 
CAGTGTAACGATGCACTTTGGJULGGGAGT^ 
GTGATACTGAGATTGTCTGrTCAGTTTCCCCft.OT 
TCCTACOTTCCTOCrrCTCCACCCATG^ 

CCCCTGACAGCTGTGTACTCOTAGGCTAAGAGATGTGACTACAGCCTGCCCCTGAC 
TGTGTTGTCCGkGGGCTGATGCTGTACAGGTACAGGCTGG^ 

TAGATTCTCATT CACGGGAC TAGT TAGCTTTAAGCACC CTAGAGGACTAGGGTAAT 
CTGACraCTCACTTCCTAAGrTCCCTTCTATATCCTCAAGGTAQAAATGrCTArGT 
TTTCTACTCCAATTCATAAkTCTATTC^^ 

AAAAGAAATGTGArTTGTCTrCCCTTCTTTGCACTTITGAAATAAAGTArTTATCT 
CCTOTCTACAGTTTAATAAATAGCATCTAGTACACAXTCA 

(R) 3* untr an slated sequence beyond cDNA [SEQ ID NO. 19] 

II* 

TTTTGTGTJG GATACTGTGT TAGGTGCTGG AGGAAAAAAG ATGAATAGAA 
CATCTTCTAT GTACTTCATG CGCTCACAGT CTGGTTGTAG AGACTGTCAC 
ATAAACATTT CATCCCAATT CATTTATTTG TTCATTCCTT CAGCCAATAT 
ATATTGAGTT CTTACTCTGT GCCAAGAACT GTACTACATT TCTGGGATTA 
AGTGGATATA AGGAGATCTC AGTGTTTAAT CTGCCTGAGG GGAGACTAAA 
TTAAGTGACA TGGAAACTTO GGTCTTGAAA AACATTTTAA GGTTATTTTT 
TCTTTTCTCT CTCTCTCGCT CTGTCTTTCT CTCTCTTTCG TCAGGGTCTC 
CCTCTCTTGC CCAGGCTGGA GTCAGTGGCA CTCATAGCTC ACTGCAGCCT 
TGATCTCCTG GGCTCAAGAG TTCTTCCCAC CTCAGTCTCC TAAGTAGCTT 
GGACTACGG 
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FIGURE 5 



HumcatK. 
RabOC-2 
HumcatS 
HutncatL 
HumcatH 
llunrcalU 
Humes tO 
I tunica Ub* 
HumcatC 



' HW GLXVLLLPW SFA. LYPEET 

HW GLKVLLLPW SFA. LHP EE I 

HKB LVCVCLVCSS KVAQLHKOPr 

MMPTL XLAAFCLGIA S.ATLTF0H9 

MWATLPLLCA GAWLLGVpVC CAAELSVNSL 



.HQP SSLLPLALCL 
.MKT LLLLLLVLLE 
.HQP LLLLLAFLLP 



LAAPASALVn 
LCEAQGSLHR 
TGAE&GEI. . 



LDTHWELWKK 
LOTQWELWKK 
LOttKHHLWKK 
LBAQWTKWKA 
EKFHFKSKHS 
... KHQLWAS 
XPUIKFTSIK 
VPLflRHPSLK 



TWIKQYNUKV 
TYSKQVMSKV 
TYCKQVKEKM 

HiiHitr.y .e:mi 
KiniKTrsr. . 

LCCM.VI.AjIA 
KTHr;KV(ii2.*;v 

KKI.I(RKS(i. I. 

1i:rhk 



t lumen tS: 
R&bOC-2 
HumcatS 
HumcatL 
Humcattf 
HuoicatO 
HuncacD 
HuncatE 
1 turcica tG 



HumcatK 
RabOC-2 
HumcatS 
HumcabL 
llumcifcK 
Itumc&tB 
IluneabO 
HumcabE 
HumcatC 



51 

DEISRRL.IW 
DEISRRL.IW 
EEAVRRL.IW 
EECWRRA.VW 
EEYKHRLQTF 
nSRPSFUPVS 
EDLIAKGPVS 
SEFWK5HHLD 
SRPH5RPYHA 

101 

TCLKV/PL5KS 
TCLKVPPSRS 
BSLRVP. SQW 
NGFQ. . . WRK 
L.WSEPQNCS 
...... OdPK 

TWFOTCSSM 
TVIFDrCSSK 
NVTLC 



HutocnCK 
Raboc-2 

HumcatS 
IlumcatL 
HumcatH 
HumcatB 
HumcatD 
flume a tE 
UumcatG 



HumcaCfc 
RabOC-2 
IluracatS 
UumcitL 
HumcatH 
Humc*tQ 
HumcatD 
liurccatE 
MviTDcatC 
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CWAFSSVGAI* 
CWAFS5VGAL 
CWAF3AVGAL 
CtfAFSAtGAL 
CWTFSTTCAL 
CWAFGAVEAt 
UYCSCSLSCr 
QYCTGSISGI 
QYNQRTIQND 

201 

KTKAFQYVQK 
MTNAFQrVOR 
HTTAFQrilD 
HDYAFQYVQD 
PSQAFSriLY 
PAEAWNF.WT 

iaakfdcil. 
voaefdoil. 

RPGTLCTVA • 



too 

EKMLKYtSIK WLEASLCVHT YSLAKNHLCD Hl'BffKVVQKH 
EKNtKHISIK NLEA5LGVHT rELAHNHLGO MTSI5EVV0KM 
EICMLKFVHLH HLBH5KQHHS YDLOKHHLGD HTSEEVKSkH 
EKMHKhlELH KQBYRECKHS FTKAXNA.FCD HTSEEFUQVH 
ASrfWRXENAH N. . . . NGNIfT FXKALNQF5D H5KAF.I KIIKY 

DELVWYVHKJl UTTWQACIIMF YNVDM5YLKR LCGl't'1 

KYSQAVPAVT EGPEPBVLKW Y .KDAQYYGE rotGTPPQc:F 
KXQFTESCSH DQSAJCEPLXK t . LDKEYFCT ISICSPPQUF 
YLQtQSPAGQ SRCG C F.LVREDFV1 TAAIICVGSMI 

l!»0 

RSNDTLtlFE WECRAP.DSV DYRXXG.YVT PVKt/ ( QCQCCJS 
HSHDTLTIPD WEGRTP.DSI DYRJtKG.YYT PVKMQCQCWS 
QRHIT.YKSN PHRILP.DSV OHREKC.CVT EVKYQCSCCJV 
PRKjCKVFQEP lfyeap.rsv dwrekc.yvt pvkhqgqccs 

ATKSHYLRCT . .GPrP.PSV DWRXKGKFVS PVKMgGACCn 
PPQRVHFTEO LKLPA3FDAR EOjtfPQCPTIK EIRDQClflC»1.7 
LWVPSIHCKL LOIACWIHHK YWSDKS..ST YVKMrtTflFh! 
LtfVPSVYCT. .SPACKT1I3R FQPSQS..ST YS(jP(;C|!;K. r ; I 
AKNZQRR EHTQQK..IT AXIRAJR . • IIP 

2(111 

EGQL&KXTGK L1H..LSPQH LVOCVSE... NO . , UCVGtiY 
EGQLK2UCTGK LLN . . IS PQN .LVDCV5E ... - . CCCJCG Y 
EAQLKLKTOK LVS..L3AQN LVOCSTEKYO HK- .OCMMiWF 
5GQHFRKTGR LIS. . LSEQN LVDC.SCPQG -NB. .UaiO'Cit. 
ESAIAIATCK. MLS . . LAEOjQ LVDC.AQDFN Nr..UCUCKi(. 
SORICIHTNA HVSVEVSAED LLTCCGSHCG D...UCniXiT 
LSQDTVSVPC QSASSASALG GVKVERQVFC BATRVI'lMTF 

ICAOQVSV E CLYWCQQPC BSUTRI'iryTF 

IHLLQLSRR URRWnNVNP VAt.lMlA(JKt;i, 

NRCTDSEDAY ... I'YVCQEB 

KRCIOSEOAY I'YVCJQDE 

NKGI05DA5Y PYKAHDL 

NCCLDSEESY PYEATEE 

WRCIHCEDTY , . PYQn«l)t: 

RKCLVSGGLY ESHVGCRPYS IPPCEKKVNG S nPPCTO'KGU 

. (GKAYFRIS VKKYLFVFDK LMQQKLVOQH I PSrYl-Slint* 

..0L0YPSLA VGGVTPVFDN HHAQNLVDLP KPSVVHJSKHP 

..C..WCAVS HRRGTDTLAE VQLRVQRORQ CLR1 Fi:.'iYl>l' 
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FIGURE 5A 



HumeatK 
RabOC-2 
HutneatS 
HumcatL 
IJiimcatfl 
Hume at □ 
HumcatD 
HumcatC 
HumeatG 



1 turned tK 

Rab0C-2 

HumcatS 

HumcatL 

HumoabH 

HumcatD 

HumcatD 

HumcatE 

Hume ate 



2S1 

SCH 

SCK. ...... 

KCQ 

sck. ; 

rcK 

TPKCSKICEP 
DAQPGCELML 
CGGAGSELIF 
RRQ 



. YHPTGKAAK 
* YNPTCKAAK 
. YDSfCYRAAT 
.YNPKYSVAN 
. FQPGKAICF 
CYSPTYKQDK 
COTDSKirrKO 
CGIDHSHrSC 



CRCYREIPEC 

crcyreipec 
cskytelpyg 

DTGFVOCPK. 

VKovANinif 
hycynsysvs 
slsylkvtrjc 
slnwvpvtxq 

ICVGDR 



N.EKAIKAAV 
R.EOVLXEAV 
Q.EKALHKAV 
D.EEAHVEAV 
NSEKAIMAEI 
AYWQVHLDQV 
AYMQIALDNT 
RERXAAFK. . 



301 

DASLTSFQFY 
DASLT3|FQFY 
OARHPSFFLY 
DACHESFXFY 
B VTQO . FHMV 
SV.YSDFLLY 
ECCEA. . .IV 
ECCQA. * . IV 
NVAHG • . . IV 



SKCVYYOESC 

sKcvrtDEMc 
Rscvrrcpsc 

KZGIYFEFOC 

rwciYssrse 

KSCVIQHVTC 
DTGTSLHVCP 
DTGTSLITGP 
SYGK55GVPP 



. . NSDW LNHA 
. . SSONVfiHA 
. . . TQKVHHG 
• - SS BDHDHC 
HKTPOKVWHA 
EKHCG. . .HA 
VDEVRELQKA 
SDKIKQLQMA 
.... EVFTRV 



VLAVOYGIQ, 
VLA.VCYCIQ. 
VLWGYGDL. 
VLWGYGFES 
VLAVGYG* . . 
tnCLGWGVE. 
IGAVPLIQGB 
IGAAP.VDCE 
SSFLPWIRTT 



MutncaCK 
RabOC-2 
HumcatS 
HumcatL 
HuracatH 
HumcatD 
HumcatD 
HuraeatE 
ItuincaUC 

HuracatK 
HabOC-2 
HuracatS 
HumcatL 
llumcabll 
HumcatD 
HumcatD 
UumcatE 
HumcatG 



351 
IK. . 
IX.. 
VK. . 
vx. . 
VK . . 
VA.. 



.NS 
.US 
.HS 
.WS 
. N5 
.NS 
LPAITLKLCG 
HPDVTFTING 
LDQHETPL . . 



WCENWCMRGT 
WGESWGHKCY 
WGKNFCEBGY 
WGESHGKCGY 
WOPQWGMNOY 
WNTDWCONCF 
KCYKLSPSDY 
VPYTLSPTAY 



ILMAANKNNA 
ILMARNXNNA 
IRHARMXOWH 
VKKftKDRRKH 
FLI5RGK.HM 
FKTLRGQ.DH 
TLKVSQAGKT 
TLLOFVOCKQ 



CGI AN. .LAS 
CGI AN.. LAS 
CGI AS. .FPS 
CGIAS..AA5 
CGLAA. . CAS 
CGI BSC WAG 
LCLSCFHGHO 
FCSSGFQCLD 



j no 

AHvr;i'v»;vA] 

AUVCI'ViJVAJ 
ANKKi'V.SVfJV 
ATVlil'UiVAl 
ALYUl'VSW 
YKMWVtfriAF 
BVAGi;i.TI,CK * 
QVCCTVHKCS 
CDKClM'U.lU 

JbV 

. . .KUNKIfHI- 
. . . KUMKflWI 
. . . HCKKYWl. 

tesdiimkywi. 

jjctiixwi.. 
yhipcbkvst 
yavecahlnv 

HR STO. 

4W(J 

FFKH 

fpkh. . . ; . . 

YPGX 

YPTV 

YPlI'l.V 

IPIlTliyYWKK 

ItHM'Aill't.W I . 



<01 



42B 



LGDVFIGRYY TVFDRDNNRV CFAEAARL 
LGOVFIRQFI 5VFDRGNNRV GLAPAVp. 
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FIGURE 6 



[SEQ ID NO: 20] 

KW G L K ■ V L ' L L P V 
ILDTHWELWKK 
VDEISRRLIWE 
NLEASL GV. HTY 
M TSEBVVQKKT 
RSNDTLYIPEW 
YRKKGYVT. PVK 
AFSSVGALECQ 
NLSPQMLVDCV 
YMTNAFQYVQK 
Y P Y V G Q EESCM 
CR-GYREIFEG- X? 
RVGPVSVAI DA 
KG VVYDESCUS 
VGYGIQKG NKH 
NVGITKOYX&MA 
ANfcA 'S FFKM 



VSFALY PEE 
THRKQYMNK 
KNL KY XSIH 
ELAMNHLGD 

GL KVPLSHS 
EGRAPD5VD 
N Q G Q C G S C W 
LKKKTGKLli 
5ENDGCGGG 
NRGXDSEDA 

YNPTGKAAK 
EKALKRAVA 
SLTSFQFYS 

DNLNHAVLA 
W I I K N S W G E 
RNKK NACGI 
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22 

aa 

aa 

co co 



o o 

4) O 



d 6 
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a a 

w w 

co co 



o o 

K X 
o 0> 



o\ o 
oJ m 

aa 

aa 

CO CO 



=i c 

s s 



NO 



^ CM 

aa 

w « 

co CO 



oo 
ci cs 
o o 

K X 
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ABSTRACT OF THE DISCLOSURE 



The inventi n relates t cathepsin K polypeptides, p ly nucleotides encoding the 
polypeptides, methods for producing the polypeptides, in particular by expressing the 
polynucleotides, and agonists and antagonists of the polypeptides. The invention further 
relates to methods for utilizing such polynucleotides, polypeptides, agonists and antagonists 
for applications, which relate, in part, to research, diagnostic and clinical arts. 
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